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THE  INDIRECTLY  FUNDED  RESEARCH  AND 
DEVELOPMENT  PROGRAM 

Tfie  need  to  adapt  to  the.  iutuM.  con^ticti  toith  the  day-to- 
day  toiki  0^  AeAeoAe/i  and  deveZcpment  engtneeAtng  labofuvtoxU.i. 

On  the  one  hand,  the  Labonatofiy  mut  exeAciAe  Innovative  capabHi- 
tieA  and  advance  the  6tate  o^  the  ant  ti  it  lb  to  avoid  obbotebcence. 
On  the  othen.  hand,  the  engineening  tobkb  oi  the  Labonatony  nAquOue 
commitment  to  p/vebcnihed  completion  dateb  and  thenjeionz  mujbt  involve 
ebbentiatly  btate-o^-the-ant  technology.  The  Indinectly  funded  Re- 
bea/Lch  and  Vevelopment  {1R6V)  Pnognam  pnovideb  {on.  innovation  and 
technological  advanctb  that  cannot  be  b applied  loithin  dOvectly 
funded  engineening  development  tobkb. 

The  central  objective  of  the  IR&D  progtam  Is  to  enhance 
the  present  and  future  vigor  of  the  Laboratory.  Accordingly,  the 
IR&D  efforts  continue  to  be  aimed  at 

1.  Providing  current,  In-depth  understanding  of  technical 
fields  of  Importance  to  the  Laboratory's  applied 
tasks , 

2.  Originating  and  exploring'  new  concepts  of  potential 
Importance  to  the  solution  of  national  problems,  and 


3.  Pro'vldlng  a window  Into  science  to  cultivate  the  tech- 
nical competence  of  the  Laboratory  as  an  organization 
devoted  to  development  and  engineering  tasks. 


The  research  component  of  the  IR&D  program  Is  carried  out 
In  the  Research  Center  of  the  Laboratory;  the  exploratory  de'velop- 
ment  component  of  the  IR&D  program  Is  performed  by  project  Initia- 
tors In  the  task  divisions  of  the  Laboratory.  The  Research  Center 
program,  coordinated  by  the  Director,  the  Program  Review  Board  of 
the  Laboratory,  and  the  Chairman  of  the  Research  Center,  looks 
mainly  toward  advancing  science  and  the  transfer  of  new  concepts  Into 
the  Laboratory's  technology.  Exploratory  development  projects  are 
primarily  short-term  explorations  of  the  feasibility  of  new  Ideas  ap- 
plicable to  hardware  systems,  components,  and  materials  and  must  be 
specifically  authorized  by  the  Director. 


The  IR&D  program  continues  to  be  productive.  Among  Its 
more  notable  contributions  Is  the  concept  of  doppler  na'vlgatlon  by 
satellite  that  led  to  the  Na'vy  Navigation  Satellite  System.  Other 
contributions,  as  described  In  pre'vlous  reports.  Include  development 
of  the  concepts  of  detection  and  tracking  of  aircraft  that  led  to 
the  Navy's  AN/SYS-1  automated  system,  dual-mode  Redeye,  electro- 
static stabilization  of  aircraft,  and  the  box-type  launching  system. 
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This  year,  the  Importance  of  the  box  launcher  was  recognized  by 
the  award  of  'the  Navy  Distinguished  Public  Service  Medal  to 
Mr.  S.  Kongelbeck,  who  conceived  and  led  the  project  at  the  Labo- 
ratory. 

Since  the  Laboratory  la  primarily  engaged  In  work  for  the 
Navy  and  the  Department  of  the  Defense  (DoD),  the  IR&D  program  Is 
mainly  concerned  with  Navy-  and  DoD-related  problems.  However, 
with  the  encouragement  of  the  Secretary  of  Defense  and  the  Depart** 
ment  of  the  Navy,  the  Laboratory  also  works  on  urgent  problems  for 
other  agencies.  Including  the  National  Aeronautics  and  Space  Admin- 
istration, the  National  Institutes  of  Health,  the  Energy  Research 
and  Development  Administration,  the  Federal  Aviation  Administra- 
tion, and  the  State  of  Maryland.  This  year,  as  for  the  previous 
year,  about  15Z  of  the  Laboratory's  efforts  were  directly  funded 
by  civilian  agencies.  Accordingly,  IR&D  projects  are  carried  out 
In  appropriate  non-DoD  areas. 

The  IR&D  program  summarized  In  this  report  makes  signifi- 
cant contributions  to  the  Laboratory  and  to  the  scientific  and 
technological  community. 
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THE  RESEARCH  CENTER 
INTRODUCTI(M^ 

Th^  cznt^uil  puApo^e  0(J  -tfie  ReieoAc/i  CentzA  to  enhance, 
the  6cienti^c  and  technotogtcaZ  vtgoK  oi  the  LaboAotoAj/.  Accofid- 
tngty,  fueieoAoh  jU  coMted  oat  to  exptoHz  and  advance  new  concepts 
0^  pAe&ent  and  potentiat  tmpoAtance  and  to  itimuZate  the  techno- 
togicat  application  oi  new  developments  In  basic  science. 

The  IR&D  program  continues  to  comprise  about  two-thirds 
of  the  work  of  the  Research  Center.  It  Is  this  program  that  pro- 
vides the  long-term  continuity  essential  to  In-depth  research  and 
Innovative  competence  In  fields  that  are  Important  to  the  present 
and  that  are  expected  to  be  Important  for  the  future.  The  remain- 
ing fraction  of  the  Research  Center's  efforts  Is  devoted  to  Inves- 
tigations and  counsel  In  support  of  non-Research  Center  tasks  and 
to  research  projects  funded  by  agencies  external  to  the  Laboratory. 

To  disseminate  Information  to  the  general  scientific  and  techno- 
logical community,  the  research  results  are  presented  in  addresses 
at  regularly  scheduled  scientific  meetings  and  at  academic  and  in- 
stitutional seminars,  and  are  published  In  the  professional  litera- 
ture. To  disseminate  Information  within  the  Laboratory,  seminars 
are  held  to  report  on  relevant  national  and  International  profes- 
sional meetings,  as  well  as  on  current  Investigations  within  the 
Research  Center. 

In  part,  the  facilities  for  advanced  research  Include  a 
microwave  physics  laboratory,  a laser  laboratory,  a solid-state 
laboratory  (with  a sputter  ion  mass  spectrometer) , a mass  spec- 
trometry laboratory,  a molecular  free  radical  laboratory,  a gas 
kinetic  laboratory  (with  a fast-flow  reactor) , a scanning  electron 
microscope  laboratory  (with  an  ultrahlgh  vacuum  for  surface  studies) , 
and  a spectroscopy  laboratory  equipped  for  work  in  the  ultraviolet, 
visible,  and  Infrared  regions  of  the  spectrum. 

The  size  of  the  Research  Center  remains  essentially  con- 
stant. The  professional  staff  consists  of  40  senior  physicists, 
chemists,  mathematicians,  and  engineers,  assisted  by  six  associate 
Investigators  and  a supporting  staff  of  14  technicians,  machinists, 
and  secretaries.  The  work  of  these  Investigators  Is  augmented,  in 
effect,  by  collaboration  with  many  colleagues  at  other  Institutions, 
Including  universities,  government.  Industrial,  and  nonprofit  labo- 
ratories. 

The  Research  Center  Is  structured  into  the  following  eight 
groups:  (a)  the  Theoretical  Problems  Group,  devoted  primarily  to 
applied  analysis  In  diverse  topics;  (b)  the  Applied  Mathematics 
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Group,  devoted  primarily  to  the  development  of  analytical  and  nu- 
merical techniques  for  partial  differential  equations  and  spectral 
theory;  (c)  the  Electronic  Physics  Group,  devoted  primarily  to  Im- 
proved understanding  of  energy-transfer  mechanisms  at  the  atomic 
and  molecular  level;  (d)  the  Chemical  Physics  Group,  aimed  pri- 
marily at  Improved  understanding  of  the  kinetics  of  gas-phase  Inter- 
actions; (e)  the  Microwave  Physics  Group,  aimed  toward  the  develop- 
ment of  Improved  understanding  of  electromagnetic  behavior  of 
condensed  phase  materials;  (f)  the  Quantum  Electronics  Group,  de- 
voted mainly  to  Increased  understanding  of  electromagnetic 
mechanisms  Important  to  lasers  and  to  organic  conductors;  (g)  the 
Excitation  Mechanisms  Group,  concerned  with  laser  excitation  mecha- 
nisms and  applications;  and  (h)  the  Solid  State  Physics  Group, 
concerned  primarily  with  developing  the  properties  of  disordered 
semiconductors. 

Nontechnical  Highlights 

Throughout  the  year,  as  In  the  past,  the  efforts  of  the 
Research  Center  continued  as  an  orderly  unfolding  of  the  work  of 
the  past,  modulated  by  changing  Laboratory  needs  and  new  advances 
In  science  and  technology.  One  Indication  of  productivity  and 
professional  competence  Is  the  fact  that  during  the  year  52  Re- 
search Center  manuscripts  were  published  In  the  professional  litera- 
ture and  an  additional  13  manuscripts  were  accepted  for  publication. 
It  Is  also  noteworthy  that  Dr.  V.  O'Brien  of  the  Research  Center's 
Theoretical  Problems  Group  was  Invited  to  serve  on  a National 
Academy  of  Sciences  National  Research  Council  Assoclateshlp  Evalua- 
tion Panel  and  also  that  she  was  elected  a Fellow  of  the  American 
Physical  Society.  Other  Items  worthy  of  mention  Include  that 
Dr.  L.  Monchlck  of  the  Chemical  Physics  Group  served  as  the  William 
S.  Parsons  Visiting  Professor  In  the  Chemistry  Department  of  The 
Johns  Hopkins  University  during  the  academic  year  1975-76,  and  that 
Dr.  D.  M.  Silver  of  the  Theoretical  Problems  Group  was  Invited  to 
give  the  Chemistry  Department's  Research  Seminar  on  Theoretical 
Chemistry  for  this  academic  year.  Dr.  D.  W.  Fox,  head  of  the  Ap- 
plied Mathematics  Group,  was  appointed  the  William  S.  Parsons  Visit- 
ing Professor  In  the  University's  Department  of  Mathematical 
Sciences  for  the  academic  year  1976-77.  Also,  Dr.  M.  H.  Friedman, 
head  of  the  Theoretical  Problems  Group,  was  appointed  Visiting 
Scholar  at  Stanford  University  In  their  Department  of  Ophthalmology. 
Dr.  K.  Moorjanl  of  the  Solid  State  Physics  Group  was  Invited  and 
supported  by  the  Centre  de  la  Recherche  Sclentlflque  to  attend  the 
International  Colloquium  on  Metal-Nonmetal  Transitions  (Autrans, 
France).  Among  the  more  distinguished  Invited  talks.  It  Is  to  be 
noted  that  Dr,  F,  J.  Adrian,  head  of  the  Microwave  Physics  Group, 
has  been  asked  to  lecture  at  the  NATO  Advanced  Study  Institute  on 
Chemically  Induced  Magnetic  Polarization,  scheduled  for  April  1977. 
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Technical  Highlights 

Research  In  laser  mechanisms  and  applications  continues 
to  be  carried  out  In  the  Quantum  Electronics  and  Excitation  Mecha- 
nisms Groups.  One  of  the  most  potentially  significant  developments 
of  the  past  year  Is  the  development  of  a new  concept  for  a super- 
sonlc-flow  CW  laser  to  avoid  most  of  the  serious  aerothermodynamlc 
problems  of  conventional  high-powered  chemical  lasers.  The  concept. 
Initiated  and  being  explored  by  the  Excitation  Mechanisms  Group, 

Is  now  directly  funded  by  the  Navy.  It  Is  also  noteworthy  that  a 
collaborative  research  project  has  been  developed  to  assist  the 
Naval  Surface  Weapons  Center  (NSWC)  In  the  diagnostics  of  electri- 
cal discharge  CO2  lasers  Intended  ultimately  for  shipboard  hlgh- 
resolutlon  laser  radar. 

Increasing  emphasis  continues  to  be  placed  on  selected 
aspects  of  the  mechanics  of  fluids.  The  area  of  focus  concerns 
the  effects  of  water  flow  past  submerged  or  partially  submerged 
bodies,  a most  Important  hydrodynamic  problem  area  for  the  Navy. 

The  development  of  sophisticated  new  techniques  for  stratified  flows 
has  proceeded  apace  through  a second  year  of  fruitful  activity  In 
the  Applied  Mathematics  Group.  A study  of  the  electromagnetic  ef- 
fects of  such  flows  and  a study  of  the  Influence  of  a submerged 
body  on  the  surface  wave  structure  (nonstratlfled  flow)  have  been 
completed  In  the  Theoretical  Problems  Group. 

A general  trend  continues  toward  Increased  concern  with 
Interfaclal  and  near-surface  physics  and  chemistry.  In  concert  with 
generally  Increasing  levels  of  such  activity  elsewhere  and  Increas- 
ing expectations  for  Improved  technology  In  electronics  and  energy- 
related  areas.  In  the  Electronics  Physics  Group,  a new  research 
project  dealing  with  corrosion  of  surfaces  was  Initiated,  following 
the  Installation  last  year  of  the  ultrahlgh  vacuum  scanning  electron 
microscope.  Pitting  under  an  almost  Intact  protective  oxide  layer 
has  been  conclusively  demonstrated  under  certain  conditions. 

A second  new  surface-research  project  concerns  corrosion 
and  electrochemistry  of  electrolyte-semiconductor  Interfaces  and 
the  potential  use  of  such  "junctions"  as  Inexpensive  solar  cells 
or  solar  batteries.  This  small-scale  collaborative  effort  Involves 
members  of  three  groups:  the  Solid  State  Physics  Group,  the  Quantum 
Electronics  Group,  and  the  Theoretical  Problems  Group. 

A third  new  surface-science  study  was  Initiated  In  the 
Microwave  Physics  Group  to  apply  the  newly  developing  technique  of 
photoacoustic  spectroscopy  to  the  study  of  gas-solid  surface  phenom- 
ena. This  study  has  already  led  to  significant  new  Insights,  espe- 
cially with  respect  to  mechanisms  whereby  light  Incident  on  a surface 
Is  absorbed  and  reemltted  as  fluorescent  or  phosphorescent  radiation. 
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Vacuum-deposited  thin  films  continue  as  the  center  of  In- 
terest In  the  Solid  State  Physics  Group,  where  research  deals  pri- 
marily with  realizing  advantageous  polycrystalline  solar  cells. 
Significant  Improvements  have  been  achieved  with  respect  to  film 
thickness,  grain  size,  and  solar  cell  efficiency.  In  this  context, 
a unique  nondestructive  technique  for  estimating  certain  Impurities 
was  conceived  and  demonstrated. 


Finally,  it  Is  Interesting  to  note  that  results  of  electron 
spin  resonance  Investigations  carried  out  In  past  years  by  the  Re- 
search Center  have  become  a focus  of  Interest  In  astrophysics.  The 
data  facilitate  Identification  of  free  radicals  newly  discovered  In 
Interstellar  space  by  radio  astronomers  at  other  laboratories. 
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APPLIED  ANALYSIS 

The  ApptUd  AnaJty^-U  compontnt.  the  IR£P  pnagnam  choAr 
acXeJuzijd  by  the  dtveZoptmvt  oi  thi.ofigjU.caZ  tedirUqugi  and  thUfi 
appticaUon  to  a fumgc  0|$  pkoblgjM  of  ZntgMMt  to  the.  Labofiatofiy 
and  itA  hlavaZ  and  civZUan  6pon6ofU. 

In  addition  to  continuing  a number  of  ongoing  research 
studies,  several  new  projects  have  been  Initiated  this  year.  The 
activity  In  theoretical  chemistry  on  molecular  structure  and  reac- 
tivity Is  continuing  with  the  addition  of  a new  study  on  the  appli- 
cation of  Pade  approxlmants  to  perturbation  theory.  Further  prog- 
ress has  been  made  on  phase  transitions,  viscous  flow,  and  trans- 
port theory  and  leiser  Intensity  correlation  spectroscopy.  New 
projects  In  the  area  of  wave  phenomena  Include  analysis  of  the 
scattering  of  surface  waves  by  a submerged  sphere  and  scattering 
from  rough  surfaces.  In  addition,  hydromagnetism  In  the  ocean  and 
Interfaclal  transport  across  structured  membranes  represent  further 
new  areas  of  Interest.  The  research  Is  carried  out  through  the 
part-time  efforts  of  nine  senior  scientists.  In  several  Instances 
with  the  collaboration  of  scientists  In  other  divisions  and  at 
other  Institutions  not  funded  by  the  APL  IR&D  program. 

Eight  unclassified  journal  publications  were  Issued  during 
the  present  reporting  period,  and  nine  others  were  accepted  for 
future  publication.  Dr.  V.  O'Brien,  a member  of  the  Group,  was 
elected  to  Fellowship  In  the  American  Physical  Society  and  Invited 
to  be  a member  of  the  National  Research  Council  Research  Associate- 
ship  Evaluation  Panel.  Dr.  M.  H.  Friedman,  Supervisor  of  the  Group, 
was  Invited  to  Stanford  University  for  two  months  as  a Visiting 
Scholar;  he  continues  to  serve  as  (part-time)  Associate  Professor 
of  Ophthalmology  In  the  Johns  Hopkins  School  of  Medicine. 


THEORETICAL  CHEMISTRY:  MOLECULAR  STRUCTURE  AND  REACTIVITY 

VZagfiammatZc  tgchrUqu&i  o^  many- body  pefitufibation  theofiy 
have  been  exploited  ion.  the  detenminatlon  oi  the  elecjtnanle  6tnuc- 
tufie  oi  otorM  and  moleculei.  ClasAlcaZ  dynamLcaZ  tfiAjecJtony  calcju- 
latloni  have  been  peJiionmed  to  examine  neactive  and  Inela&tic 
collisions  between  two  hydnogen  molecules. 

The  electronic  structure  of  atoms  and  molecules  plays  a 
dominant  role  In  chemical  reactivities.  Since  chemical  reactions 
pervade  the  fields  of  combustion,  propulsion,  and  other  energy- 
related  phenomena,  a detailed  understanding  of  these  processes  Is 
Important  for  future  DoD  and  civilian  applications.  The  studies  In 
theoretical  chemistry  are  a continuing  effort  to  develop  methods 
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for  quantitative  considerations  of  molecular  structures  and  reac^ 
tivltles. 

One  of  the  goals  of  atomic  and  molecular  collision  studies 
Is  the  calculation  of  cross  sections  and  rate  constants  for  Inelas- 
tic and  reactive  chemical  processes  with  sufficient  accuracy  to  pre- 
dict or  reproduce  results  of  experimental  measurements.  In  a 
chemical  collision  system,  the  second  Bom-Oppenheimer  approximation 
Is  usually  Invoked  to  separate  the  equations  governing  the  motions 
of  nuclei  from  those  of  electrons.  Thus  the  motion  of  the  nuclei, 
which  comprise  the  dynamical  system  under  study.  Is  assumed  to  be 
governed  by  a potential  energy  function  or  surface  corresponding 
to  the  quantum  mechanical  solution  of  the  appropriate  molecular 
electronic  problem.  Since,  as  we  have  shown,  the  results  of  colli- 
sion or  scattering  calculations  are  usually  quite  sensitive  to  the 
detailed  nature  and  properties  of  the  potential  energy  surface  em- 
ployed (Ref.  1),  It  Is  essential  that  the  most  accurate  and  realis- 
tic potential  surfaces  be  generated  for  use  In  dynamical  studies. 

One  solution  to  this  problem  Is  our  application  of  many— body  per- 
turbation theory  to  the  electronic  structure  of  molecules  (Ref.  2). 

We  have  developed  the  technique  of  applying  many-body  per- 
turbation theory  to  determine  the  structure  of  molecules  from  pre- 
liminary calculations  restricted  to  two-body  Interactions  (Refs.  3, 

4,  and  5).  We  truncate  the  perturbation  series  after  third  order 
with  higher  order  contributions  Included  by  means  of  denominator 
shifts  (Ref.  6).  In  the  many-body  approach,  the  correlation  energy 
is  developed  In  terms  of  several  diagrams  representing  the  various 
types  of  Interelectronlc  Interactions.  Such  diagrams  are  particu- 
larly useful  for  translating  algebraic  expressions  Into  extremely 
efficient  computational  schemes  for  use  on  the  computer. 

Our  subsequent  calculations  (Refs.  7 and  8)  encomp£iss  the 
rigorous  evaluation  of  all  diagrams  In  the  many-body  perturbation 
series  for  the  energy  through  third  order.  Including  all  the  many- 
body  effects  that  arise.  In  addition  to  achieving  a balanced  de- 
scription of  the  system,  the  inclusion  of  all  many-body  effects  per- 
mits the  development  of  rigorous  variational  many-body  perturbative 
schemes  for  constructing  upper  bounds  to  the  energy.  The  absolute 
accuracy  of  the  results  obtainable  Is  directly  dependent  on  the 
quality  of  the  basis  sets  employed.  However,  the  agreement  with 
singly  and  doubly  excited  configuration  Interaction  results  for 
neon  is  within  I.IZ  for  our  perturbation  scheme  and  within  2.3Z  for 
our  variational  scheme  (Ref.  9).  This  demonstrates  the  inherent 
p<Ver  of  the  diagrammatic  perturbation  method. 

In  developing  the  many-body  methods  for  molecular  applica- 
tions, a number  of  aspects  must  be  considered.  One  of  these  Involves 
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the  use  of  modified  potentials,  rather  than  the  standard  Hartree- 
Fock  potential,  for  the  determination  of  excited  state  orbitals. 
Although  it  is  possible  to  tailor  these  orbitals  to  some  physical 
feature  of  the  system  under  study  by  using  a modified  potential, 
we  find  (Ref.  3)  that  the  modified  and  standard  potentials  yield 
total  electronic  energies  within  1 kcal/mole  of  one  another  when 
the  perturbation  calculations  are  performed  through  third  order 
with  shifted  denominators.  This  shows  that  the  costly  Integral 
transformation,  required  when  a modified  potential  is  used,  can 
be  avoided  without  significant  sacrifice  of  accuracy.  By  includ- 
ing three-body  and  four-body  contributions  to  the  energy,  we  have 
strengthened  these  results  by  providing  an  upper-bound  criterion 
with  which  the  results  can  be  Judged  (Ref.  10). 

Currently,  this  work  is  being  extended  to  Include  applica- 
tions to  excited  state  species,  open-shell  configurations,  and  de- 
generate energy  levels.  These  extensions  should  bring  the  diagram- 
matic many-body  perturbative  scheme  into  use  for  the  calculation 
of  potential  energy  surfaces  corresponding  to  collisions  between 
molecules  in  ground  states  or  excited  states. 

Principal  Investigators;  D.  M.  Silver,  S.  Wilson,  N.  J.  Brown, 

and  R.  J.  Bartlett.  Dr.  Silver  is  a senior  chemist  in  the 
Theoretical  Problems  Group  of  the  Research  Center.  Dr. 
Wilson  held  a postdoctoral  appointment  at  the  Applied 
Physics  Laboratory  during  this  year.  Drs.  Brown  (Univer- 
sity of  California,  Berkeley)  and  Bartlett  (Batelle 
Memorial  Institute)  are  not  funded  by  the  program. 
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APPLICATION  OF  FADE  APPROXIMANTS  TO  PERTURBATION  THEORY 

The.  amZytic  (intimation  tecJinique&  oi  Pade  appfioxijnant6 
oAe  applied  to  the  Rayleigh-SchfLocUnge^  peAtuAhation  theoKy  ^ok  the 
energy  o^  atomjond  molecutei.  It  i6  demomtAoted  that  the  uie  o^ 
the  (^M•l/^/]  Pade  oppAoximantA  eliminatei  a ceAtain  oAbitAOJUneii  in 
the  4 putting  o^  the  known  zxouot  HanUttonian  into  unpeAtuAbed  and 
peAtuAbed  poAti. 

Raylelgh-Schrodlnger  perturbation  theory  provides  a con- 
venient method  for  describing  the  corrections  to  Independent  parti- 
cle models  of  the  electronic  structure  of  atoms  and  molecules.  Al- 
though the  exact  Hamiltonian  Is  known  for  these  systems,  the 
corresponding  wave  functions  are  not  known.  The  perturbation  theory 
approach  to  these  problems  Is  to  choose  a suitable  zeroth  order 
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Hamiltonian,  Hq,  whose  eigenfunctions  are  known  and  to  consider 
systems  described  by  Hamiltonians  Hq  + XHi.  For  problems  where 
the  exact  Hamiltonian,  3<^  is  known,  one  chooses  Hi  * }C  - Hq  so  that 
the  exact  Hamiltonian  is  recovered  at  X - 1.  Considerable  freedom 
exists  in  the  choice  of  Hq;  for  example,  one  mi^t  modify  a given 
Hq  to  produce  a change  of  scale  and  a shift  of  origin  in  the  zeroth- 
order  energy  spectrum,  provided  Hi  is  suitably  modified  so  that  3C 
is  recovered  at  X > 1.  The  exact  energy  for  these  systems  is  written 
as  a power  series  in  the  variable  X.  In  practical  applications,  the 
power  series  must  be  truncated  at  some  finite  order,  M,  omitting  a 
residual  contribution  of  order  0(X*^^). 

He  have  found  that  [P/Q]  Padd  approxlmants  provide  useful 
alternative  representations  of  the  energy.  If  P + Q « M,  these  ap- 
proxlmants can  be  determined  from  the  Mth  order  series,  and,  more- 
over, each  of  these  approxlmants  also  only  omits  residual  contribu- 
tions of  order  Thus,  the  question  arises  as  to  which  of 

these  approxlmants  one  should  use  to  estimate  the  energy.  The  first 
suggestion  that  an  appropriate  representation  could  be  selected  on 
the  basis  of  the  behavior  of  the  various  approxlmants  under  arbi- 
trary changes  of  scale  and/or  origin  in  the  zeroth-order  operator 
became  apparent  to  us  during  some  exploratory  numerical  studies. 

As  noted  above,  the  exact  Hamiltonian  is  recovered  at  X ■ 1 so  that 
these  changes  will  not  affect  the  exact  energy.  However,  trunca- 
tion at  a finite  order  can  produce  an  apparent  dependence  of  the 
energy  on  these  changes.  In  fact,  numerical  analysis  of  the  41- 
term  series  for  the  H~  ion  shows  that  the  only  entries  that  do  not 
depend  on  these  changes  belong  to  the  class  of  [N+l/N]  approxlmants 
for  all  the  values  of  N available.  We  also  demonstrate  that  this 
invariance  is  a direct  consequence  of  the  transformation  relations 
among  the  coefficients  in  the  unmodified  Hamiltonian  and  those  in 
the  shlfted-and-scaled  Hamiltonian  and  are  totally  Independent  of 
the  actual  values  of  the  coefficients.  Thus,  the  use  of  the  [N+l/N] 
Padd  approxlmant  eliminates  a certain  arbitrariness  in  the  splitting 
of  the  Hamiltonian  into  unperturbed  and  perturbed  parts,  idilch  sug- 
gests the  appropriateness  of  this  representation.  This  work  has 
been  submitted  for  publication  (Ref.  1). 

Principal  Investigators ; R.  A.  Farrell,  D.  M.  Silver,  and  S.  Wilson. 

Drs.  Farrell  and  Silver  are  senior  physicists  of  the  Theo- 
retical Problems  Group  of  the  Research  Center.  Dr.  Wilson 

held  a postdoctoral  appointment  at  the  Applied  Physics 

Laboratory  during  this  year. 
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SCATTERIMG  OF  SUBFACE  WAVES  BY  A SUBMERGED  SPHERE 

Tkz  pJLobZem  oi  the  AcatteAtng  iuKiace  uMvtA  in  a non- 
viicoud,  ineomp^e66ibte  ituLi  oi  iniinite  depth  by  a iutty  iub- 
mefiged,  Higid,  itationany  Aphene  hu  been  solved  in  thu  voofik.  The 
solution  i6  expJiei^ed  in  teniu  oi  an  iniinite.  let  oi  tineoA  atge~ 
bAoic  equationi  ioA  the  expaniion  coeHicienti  in  ipheAical  hoA- 
monici  oX  the  velocity  potential.  The  icatteAing  cAoii  lection  hai 
been  evaluated  nuneJUjcally  and  ii  ihoun  to  peak  ioA  valuei  oi  the 
pfioduct  oi  Aodiui  and  mve  numbeA  lomeuihat  leii  than  unity.  Alio, 
the  Bonn  appAoximation  to  the  cuii  lection  ii  obtained  in  doled 
ioAn  and  compaAed  uUth  the  exact  lolution. 

The  problem  of  determining  the  Influence  of  a submerged 
body  on  the  ambient  surface  wave  structure  (and  the  converse  prob- 
lems of  the  Influence  of  surface  waves  on  a submerged  body)  Is  an 
old  one,  going  back  almost  a century  to  Sir  W.  Thomson  and  Sir  H. 
Lamb.  But  while  a great  deal  of  effort  has  been  devoted  since  then 
to  the  solution  of  various  special  cases  and  the  development  of  a 
variety  of  approximation  methods,  one  of  the  simplest  and  most  Im- 
portant cases  has  remained  unsolved;  the  modification  (l.e.,  scat- 
tering) of  a surface  wave  by  a completely  submerged,  rigid,  sta- 
tionary sphere. 

The  present  work  (Ref.  1)  provides  an  exact  solution  to 
this  problem  for  a homogeneous.  Incompressible,  nonvlscous  fluid 
of  Infinite  depth  and  Infinite  extent.  The  approach  Is  to  cast  the 
equation  for  the  velocity  potential  Into  the  form  of  an  Integral 
equation.  The  Integral  extends  over  the  surface  of  the  sf^ere  and 
has  as  Its  kernel  an  appropriate  Green's  function;  an  explicit  ex- 
pression for  this  function  was  obtained  In  Kochln's  pioneering  work 
(Ref.  2),  rederlved  independently  by  John  (Ref.  3),  and  further 
developed  by  Wehausen  and  Laltone  (Ref.  4).  Expansion  In  spherical 
harmonics  of  the  Green's  function  and  the  velocity  potentials  of 
the  known  Incident  and  unknown  modified  wave  permits  us  to  evaluate 
the  Integrals  analytically  and  leads  to  an  Infinite  set  of  linear 
algebraic  equations  for  the  unknown  expansion  coefficients.  As 
long  as  the  center  of  the  sphere  is  submerged  by  more  than  about  a 
sphere  diameter,  only  the  first  few  harmonics  contribute  signifi- 
cantly, and  the  corresponding  coefficients  are  readily  found  by 
truncating  the  expansion.  The  equation  of  the  free  surface,  which 
embodies  the  desired  modification  of  the  Incident  wave.  Is  obtained 
directly  from  this  modified  velocity  potential.  This  approach  makes 
It  easy  to  calculate  both  the  total  and  the  partial  scattering  cross 
sections  of  such  a submerged  sphere. 

We  have  also  calculated  (Ref.  1)  the  Bom  approximation  to 
the  scattering  cross  section.  In  this  approximation,  the  unknown 
velocity  potential  In  the  Integrand  (on  the  surface  of  the  spherical 
scatterer)  Is  approximated  by  the  known  velocity  potential  of  the 
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Incident  wave,  thereby  . 'iduclng  the  problem  from  an  Integral  equa- 
tion to  the  evaluation  of  an  integral.  This  Integral  can  be  eval- 
uated in  closed  form  as  a very  simple  expression  involving  modified 
Bessel  functions,  and  we  show  that  it  leads  to  a good  approximation 
to  the  exact  scattering  cross  section.  In  addition  to  providing  a 
simpler  method  for  calculating  the  cross  section  when  great  accu- 
racy is  not  required,  the  Bom  approximation  can  also  be  used  to 
interpret  physically  the  qualitative  features  of  the  dependence  of 
the  cross  section  on  the  two  dimensionless  parameters:  The  ratio 
of  the  depth  of  the  sphere  center  to  the  radius,  a,  and  the  ratio 
of  a to  the  surface  wavelength. 

One  of  the  most  striking  characteristics  of  the  cross  sec- 
tion for  the  scattering  of  a surface  wave  by  a submerged  sphere  is 
that,  as  a function  of  the  product  of  wavenumber  and  radius,  it  has 
a single  pronounced  peak.  This  is  in  sharp  contrast  to  the  many 
well  known  cases  of  acoustic  and  electromagnetic  waves  scattered 
by  spheres,  where  the  cross  section  has  an  oscillatory  structure 
caused  by  diffraction.  The  reason  that  these  oscillations  are 
largely  washed  out  in  the  present  case  of  surface  wave  scattering 
lies  in  the  exponential  decay  of  surface  waves  with  depth. 

The  same  approach  chat  has  produced  these  results  is  likely 
rc  succeed  if  the  sphere  is  in  uniform,  horizontal  motion  under 
laminar  flow  conditions  and  if  the  sphere  is  replaced  by  a spheroid. 
This  work  will  be  presented  to  the  November  meeting  of  the  American 
Physical  Society  at  Eugene,  Oregon,  22-24  November  1976,  and  has 
been  submitted  for  publication. 

Principal  Investigator:  E.  P.  Gray.  Dr.  Gray  is  a senior  physicist 

in  the  Theoretical  Problems  Group  of  the  Research  Center. 
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SCATTERING  FROM  ROUGH  SURFACES 

A veuUiUionaC  pA^<UpCt  jU  deveXaped  p/LexlcctLng  the 
Acatte/UngjpJ  eCectwmagnetCc  /teuUatCon  Aondom  Aough  ioAiacei 
Auc/i  <u  me  ocean.  TkU  pAAncXpte  pAavidu  a technique  ^oa  impAov- 
ing  the  AeAuttA  otheA  pAedictive  methods  and  aJUo  pAouCdei  a 
quantitative  meoAUAe  oi  theiA  accjuAaay. 

The  theoretical  description  of  the  scattering  of  waves  by 
statistically  rough  surfaces  continues  to  be  of  Interest  in  many 
areas,  Including  satellite  altimetry,  radar,  sonar,  characteriza- 
tion of  amorphous  surfaces,  and  characterization  of  optical  sur- 
faces. Considerable  progress  has  been  achieved  In  recent  years, 
but  It  remains  true  that  analytical  treatments  continue  to  be  ap- 
proximate. As  In  the  case  of  smooth  surfaces,  an  Integral  equation 
relates  the  field  at  an  arbitrary  point  to  the  field  and/or  Its 
derivatives  on  the  surface.  In  general,  two  kinds  of  approximations 
are  involved:  (a)  the  field  and/or  Its  derivatives  at  the  surface, 
and  (b)  the  statistical  (roughness)  properties  of  the  surface.  We 
regard  the  statistics  of  the  surfade  as  given  and  develop  an  expres- 
sion for  the  scattered  amplitude  that  la  Insensitive  to  (small) 
errors  made  In  approximating  the  surface  field. 

The  initial  step  Is  to  note  that  for  fixed  (nonstatlstical) 
surfaces  one  can  write  a variational  principle  for  the  scattered  am- 
plitude, T,  In  the  form 


N1N2 


where  Ni,  N2,  and  D are  surface  Integrals  whose  Integrands  depend 
on  the  fields.  If  the  exact  surface  fields  are  used  and  the  ampli- 
tude of  the  Incident  plane  wave  Is  set  equal  to  (-1),  T - N2.  Thus 
the  closeness  of  Ni/D  to  unity  (for  Incident  amplitude  (-1))  Is  a 
measure  of  the  quality  of  any  approximate  surface  field.  Straight- 
forward application  of  Eq.  1 to  statistical  surfaces  would  require 
evaluation  of  averages  of  the  form  <Ni  N2>,  which  would  be  formida- 
ble. Fortunately,  we  have  been  able  to  circumvent  this  difficulty 
by  demonstrating  that  the  expression 


(N^)  <N2)/<P> 


provides  a variational  principle  for  the  ensemble  average  T,  and 
that  when  the  amplitude  of  the  Incident  wave  Is  set  equal  to  -1, 
the  closeness  of  <Ni>/<D)  to  unity  Is  a quantitative  measure  of 
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accuracy.  Evaluation  of  the  ensemble  averages  In  expression  2 are 
straightforward,  although  nontrivial,  and  applications  of  2 to 
specific  problems  are  currently  underway. 

We  Illustrate  the  method  for  a scalar  field  whose  normal 
derivative  vanishes  on  the  boundary.  The  Initial  results  of  this 
Investigation  have  been  submitted  for  publication  (Ref.  1). 

Principal  Investigators ; R.  A.  Farrell,  E.  P.  Gray,  and  R.  W.  Hart. 
Drs.  Farrell  and  Gray  are  senior  physicists  In  the  Theo- 
retical Problems  Group  of  the  Research  Center,  and  Dr.  Hart 
Is  Chairman  of  the  Research  Center. 

Reference 

1.  R.  W.  Hart  and  R.  A.  Farrell,  "A  Variational  Principle 
for  Scattering  from  Rough  Surfaces"  (siih-nltted  for 
publication  to  lEE-AP) . 


IHTERFACIAL  TRANSPORT  ACROSS  STRUCTURED  MEMBRANES 

MembAiwe  t^um&poxt  ^pontant  to  a uiidz  voAtety  oi  du- 
ciptinu,  flanging  dtiatination  and  tnejigy  convefuion  to  gen- 
efuit  physiology.  An  essential  ^eatufie.  membfianes,  whose  itipon- 
tan^  not  alu^s  been  recognized,  is  their  heterogeneity.  The 
objectcves  o^  this  research  are  to  identify  and  solve  important 
structure- related  problems  in  membrane  characterization,  the  pre- 
diction 0^  membrane  performance,  and  the  design  of  interfacial  de- 
vices. Vur^g  the  past  year,  a mathematical  analysis  of  transport 
across  series-parallel  structures  has  been  developed.  In  addition, 
based  on  earlier  theoretical  studies  of  transport  across  hetero- 
porous  membranes,  a novel  and  versatile  membrane  transport  cell 
has  been  developed. 

In  developing  a model  of  structured  membranes,  a trade-off 
must  be  made  between  fidelity  (the  representation  of  the  system  as 
a highly  Interconnected  network  of  paths  whose  transport  properties 
may  vary)  and  characterlzablllty  (the  availability  of  experimental 
data  that  can  be  used  to  evaluate  the  parameters  of  the  model) . 

For  systems  of  practical  Interest,  experimental  data  are  available 
to  support  only  the  most  primitive  structural  models.  Accordingly, 
the  simplest  model  possessing  both  series  and  parallel  organization 
was  selected  for  Initial  study.  The  model  consisted  of  two  dissimi- 
lar membranes  In  series.  In  parallel  with  a third  membrane.  The 
questions  posed  were:  What  Is  the  best  experimental  protocol  for 
characterizing  the  Individual  components  of  this  system,  what  In- 
formation Is  available  from  conventional  characterization  techniques, 
and  how  can  the  model  be  used  to  predict  transport  behavior? 
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It  is  convenient  to  couch  the  dlsciisslon  in  terms  of  a 
biological  cell  layer,  to  which  the  initial  model  is  apparently 
similar.  Here,  the  two  series  membranes  bound  the  cytoplasm, 
and  the  parallel  element  is  the  Intercellular  pathway.  The  sys- 
tem is  Ideally  suited  for  examination  because  it  is  known  to  be 
asymmetric  and  because  considerable  experimental  effort  has  been 
expended  to  characterize  such  layers.  To  date,  we  have  con- 
structed a model  of  an  "epithelium"  and  examined  the  ability  of 
experiments  to  yield  transport  properties  for  the  specific  case  of 
comeal  epithelium.  We  find  that  (a)  despite  the  numerous  experi- 
ments that  have  been  run  on  this  tissue,  not  all  of  the  parameters 
of  the  model  can  be  unambiguously  evaluated;  (b)  structure  cannot 
be  ignored  when  interpreting  the  results  of  experiments  using  radio- 
active tracers;  and  (c)  in  spite  of  the  above  limitations,  the  model 
exhibits  predictive  capabilities  that  it  would  lack  were  it  unstruc- 
tured. 


We  have  developed  a novel  membrane  transport  cell  to  de- 
termine experimentally  membrane  phenomenological  coefficients  as 
well  as  a "heteroreflectivity"  coefficient  (Ref.  1)  that  corrects 
for  possible  errors  in  the  predicted  flux  across  heteroporous 
parallel  pathway  membranes.  Laser  Interferometry  is  used  to  mea- 
sure the  refractive  index  and,  therefore,  relative  solute  concen- 
trations on  either  side  of  the  membrane.  The  time  courses  of  both 
volume  flow  (measured  using  capillary  tubes)  and  solute  flow  are 
measured  simultaneously.  The  experimental  protocol  employs  a con- 
stant pressure  head  across  the  membrane,  and  thus  volume  flow  and 
solute  flow  are  linearly  dependent  on  the  concentration  difference 
across  the  menbrane.  Phenomenological  coefficients  obtained  during 
preliminary  experiments  on  dialysis  tubing  with  sucrose  as  the 
solute  are  comparable  to  published  data.  For  this  particular  mem- 
brane and  solute,  the  solute  flux  error  due  to  neglecting  hetero- 
reflectivity  is  found  to  ^e  negligible.  Experiments  with  other 
solutes  and  membranes  are  planned. 

Principal  Investigators;  M.  H.  Friedman  and  R.  A.  Meyer.  Dr. 

Friedman  is  the  Group  Supervisor  of  the  Theoretical  Prob- 
lems Group  of  the  Research  Center.  Mr.  Meyer  is  a senior 
engineer  with  the  Theoretical  Problems  Group. 

Reference 

1.  M.  H.  Friedman,  "The  Effect  of  Menbrane  Heterogeneity 
on  the  Predictability  of  Fluxes,  with  Application  to 
the  Cornea,"  J.  Theoret.  Biol. . Vol.  61,  1976,  pp.  307- 
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VISCOUS  FLOW  AND  TRANSPORT  THEORY 

HztLabte.  utunatCA  itov)  and  t/iMUpo^  poAometiM  oaz 
n&cuAOA^  in  many  ttchnicai  applications  but  oac  o^ten  di^^icult 
to  obtain  when  they  necessitate  complete  viscous  solutions  to  the 
Navien- Stokes  equation  and  tke  convective  tAonspoAt  equation. 
Contining  analytic  and  numenical  techniques,  we  have  successfully 
oddAessed  pAoblem  involving  sepoAotion  in  steady  and  unstea^ 
flow,  pulsatile  flow  thAough  oAthogonal  bAonciies,  and  velocity 
and  scaloA  tAonspoAt  fields  in  nonciAculoA  ducts. 

Our  analytic  Investigation  of  two-dimensional  (2D)  steady 
separation  In  Stokes  flows  between  eccentric  cylinders,  either  of 
which  Is  fixed  while  the  other  rotates,  produces  Insight  Into  sepa- 
ration phenomena  on  rounded  surfaces  of  either  concave  or  convex 
curvature.  The  recirculation  regions.  Including  the  angle  of 
separation  streamline  departure,  are  functions  of  the  cylinder 
pairs,  not  the  radius  of  curvature  of  the  stationary  wall  per  se. 
However,  there  are  universal  relations  among  the  separation  stream- 
line angle,  the  null  vortlclty  curve,  and  the  null  along-wall  ve- 
locity component  curve,  and  these  2D  relations  apply  to  other 
laminar  curved  boundary  flows.  Including  those  at  a higher  Reynolds 
number.  This  work  has  been  submitted  for  publication  (Ref.  1). 

Unsteady  separation  Is  less  well  characterized  theoreti- 
cally, but  numerical  simulations  of  oscillatory  flow  In  simple  2D 
geometries  show  features  often  revealed  in  more  complex  flow  situa- 
tions. The  local  results  near  the  stagnation  points  of  the  recir- 
culation regions  are  fully  consistent  with  our  steady  separation 
theory,  even  though  the  stagnation  points  may  migrate  along  the 
solid  surfaces,  as  described  In  one  of  our  recent  publications 
(Ref.  2). 

We  have  also  used  our  "unsteady"  numerical  method  to  cal- 
culate pulsatile  flow  through  an  orthogonal  trifurcation;  this  study 
is  being  written  now  for  publication.  A series  of  calculations 
was  made  for  a simple  pulsatile  flow  with  the  same  dynamic  parame- 
ters, Reynolds  number,  and  Stokes  number  as  those  we  used  pre- 
viously (Ref.  3)  for  a symmetric  bifurcation  so  that  comparisons 
could  be  made.  The  width  of  the  orthogonal  side  branches  and  the 
outflow  through  them  were  varied.  Although  there  are  quantitative 
differences  due  to  geometry  and  flux  partition,  certain  similari- 
ties of  wall  shearing  stress  distribution  at  the  branch  comers 
and  near  divider  tips  were  made  evident. 

Velocity  fields  In  fully  developed  parallel  flow  in 
straight  ducts  of  simple  cross-sectional  shape  can  be  found  analyti- 
cally, for  steady  flow  or  unsteady  flow  In  some  cases.  Other  shapes 
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are  Intractable  analytically,  but  we  have  obtained  the  velocity 
solution  by  finite  difference  approximation,  as  described  In  de- 
tail In  Ref.  4.  We  tested  the  accuracy  of  the  finite  difference 
approach  by  coiiq>arlson  to  analytic  solutions  In  the  slii9>le  ducts, 
and  we  obtained  new  solutions  for  a variety  of  noncircular  ducts. 

The  advantage  of  the  numerical  technique  for  oscillatory  flow  Is 
a considerable  saving  In  conq>uter  time.  By  Fourier  superposition, 
any  periodic  flow  In  an  arbitrary  duct  can  be  synthesized. 

Fully  developed  steady  thermal  fields  for  straight  ducts 
of  arbitrary  section  with  constant  longitudinal  mean  temperature 
gradient  can  be  derived  from  the  steady  velocity  field  determined 
above.  The  convective  transport  equation  takes  a relatively  sim- 
ple form,  and  we  have  evaluated  the  solution  numerically  for  a 
variety  of  wall-temperature  distributions,  as  described  In  Ref.  5. 
Uniform  wall  temperature  results  duplicate  analytic  results  for 
simple  shapes  quite  accurately,  and  the  thermal  field  In  arbitrary 
section  shapes  can  be  found  as  readily.  Extended  surfaces,  achieved 
by  attaching  a longitudinal  fin  within  the  duct,  have  produced  some 
surprising  heat  transfer  results,  particularly  If  the  temperature 
distribution  on  the  fin  Is  not  uniform. 

By  the  well-known  analogy  between  heat  and  mass  transfer, 
the  numerical  techniques  ape  equally  applicable  to  concentration 
fields.  The  fully  developed  mass  concentration  field  theory  may 
lead  to  improved  blood-dlalysls  devices  and/or  heart-lung  machines, 
as  described  In  Ref.  6. 

Principal  Investigators;  V.  O'Brien  and  L.  W.  Ehrlich.  Dr.  O'Brien 
Is  a senior  physicist  In  the  Theoretical  Problems  Group, 
and  Dr.  Elirllch  Is  a senior  mathematician  In  the  Applied 
Mathematics  Group  of  the  Research  Center. 
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HYDROMAGNETISM  OF  THE  OCEAN 

Ocean  motions  acA066  mblmt  magnetic  ^ieZd&  induce 
etectnic  cuMents  in  the  Aea  and  cls>60  dated  magnetic  ^eZd6  in 
the  enviAonment  that  a/te  fULodity  meoAu/uible,  though  4matZ,  and  o^ 
inteAeit  (Joa  vadoui  geophydcat,  oceanographic,  and  NavaZ  pAob- 
tem.  The  ocean  motions  may  be  either  ihoAe  0(J  naturai  origin  or 
ones  ai,6ociated  uiith  moving  bodie6;  the  ambient  magnetUm  it,  the 
earth* i,  f^eJid  and  that  oiJ  the  body  i^  magnetizabie.  The  requiting 
wide.  vaAietieJt,  oi  oceanic  hydromagnetiim  have  been  AuAveyed  and 
e&timated  theoreticaiiy  in  ordeA  to  iboiate  potentiaZZy  Aigni^i- 
cant  phenomena  ^or  detaiZed  Atudy. 

Seawater  has  a moderate  electrical  conductivity  such  that 
the  Interaction  between  oceanic  flowflelds  and  ambient  magnetic 
fields  Induces  small  but  significant  hydromagnetlc  effects  In  the 
ocean  environment.  A multitude  of  such  oceanic  hydromagnetlc 
phenomena  arise  from  the  diversity  of  possible  natural  or  body- 
related  flows  Interacting  with  the  earth  or  body  magnetism.  In 
consultation  with  the  SSBN  Security  Program,  we  have  assayed  to 
survey  the  manifold  of  possible  effects  and  to  estimate  numeri- 
cally the  Importance  of  each  from  a fundamental  theoretic  stand- 
point. The  basic  physical  principles  are  well  established  and 
mathematically  formulated  in  the  conijined  Maxwell-Navier-Stokes 
equations  of  hydromagnetism. 

Oceano-magnetism  (OM)  differs  from  more  familiar  variants 
of  hydromagnetism  In  that  the  conductivity,  ambient  magnetism,  and 
flow  scales  fall  far  from  the  extremes  encountered  In  usual  labo- 
ratory or  cosmic  applications.  The  majority  of  OM  effects  are 
purely  Inductive,  but  we  have  also  considered  the  possibility  of 
radiative  and  other  phenomena.  We  discuss  only  the  Inductive  ef- 
fects here. 

We  consider  the  OM  Induction  phenomena  arising  from  the 
natural  ocean  motions : 

1.  Surface  gravity  waves  (SW),  from  local  winds  (sea) 
or  distant  storms  (swell) ; 

2.  Internal  gravity  waves  (IW); 
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3.  Ambient  acoustic  waves  (AU) ; and 

4.  Sea  currents  and  tides; 

and  those  related  to  passage  of  a body  through  the  sea: 

5.  Mean  flow  of  seawater  through  the  body  magnetic  field; 

6.  Potential  flow  due  to  hull  displacement; 

7.  Wake  flow,  from  turbulent  growth  near  the  body  to 
collapse  In  the  far  region;  and 

8.  Propagated  disturbances,  due  to  body-generated  SW, 

IW,  and  AW. 

These  phenomena  Include  both  nonpropagating  effects  and  Inductive 
effects  propagated  purely  mechanically  via  the  ocean  wave  motions 
(SW,  AW,  IW  above).  The  propagating  Induction,  termed  "OM  pseudo- 
radiation,"  will  be  presented  here  as  an  example  of  the  general 
survey  and  results. 

The  OM  pseudoradiation  (1,  2,  3,  8 above)  expressed  In 
terms  of  plane  waves  can  be  categorized  In  terms  of  the  dispersion 
relation  of  the  generating  ocean  wave  (SW,  IW,  AW) , as  shown  In 
Fig.  1.  To  the  left  of  the  diagonal  dashed  line  a quasl-statlc 
approximation  holds,  while  to  the  right  a nonstatic  limit  obtains 
for  long  wavelengths.  A simple  estimator  for  the  size  of  the  OM 
effects  Is  derived  for  either  limit  that  smoothly  Interpolates 
through  the  transition  region.  In  this  way,  the  SW-  and  IW-lnduced 
OM  effects  of  Import  for  geophysical  studies,  for  example,  are  dis- 
cussed In  a simple  and  unified  manner.  Further,  the  AW-lnduced  OM 
wave,  or  "sonomagnetlc"  pseudoradiation.  Is  found  to  be  of  peculiar 
Interest  In  the  Infrasound  regime  (Fig.  1).  Whereas  the  purely 
sonic  field  (AW)  Is  essentially  confined  within  the  ocean,  the  sono- 
magnetlc pseudowave  radiates  Into  the  air  above  the  sea,  particu- 
larly at  Infrasonlc  frequencies.  Considering  the  utility  of  air- 
borne observations  (e.g. , Project  Magnet,  cf.  Ref.  1),  we  have 
analyzed  the  sonomagnetlc  field  In  detail  In  a paper  In  preparation. 
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Fig.  1 Acoustic  (AW),  Surface  (SW),  and  Internal  (IW)  Ocean  Waves.  The 

various  waves  are  represented  by  their  dispersion  relations  (solid  lines) 
for  ocean  depth  (D),  pycnocline  depth  (d),  density  change  (5p) , sonic 
mode  (8),  with  IW  curves  truncated  at  the  Brunt-Vaisala  frequency  for 
25-m-thick  pycnocline.  The  dashed  line  separates  quasi-static  (left)  and 
nonstatic  (right)  legimes  of  OM  pseudoradiation. 


Principal  Investigator;  J.  F.  Bird,  In  consultation  with  H.  Ko. 

Dr.  Bird  Is  a senior  physicist  In  the  Theoretical  Prob- 
lems Group  of  the  Research  Center.  Dr.  Ko  Is  not  sup- 
ported by  the  IR&D  program. 
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lUGG  Publication  Office,  Paris,  1971. 

- 29  - 


BBS 


THE  «)OHNS  HOPKINS  UNIVERSITY 

APPUED  PHYSICS  LABORATORY 

LAURCl.  MARVUANO 


PHASE  TRANSITIONS 

RecuAAence  futationA  oax.  dejU.\}td  that  enable  ai  to  obtcUn 
the  den&lty  weight  ^actoAA  needed  to  evaluate  the  vtAlal  expanilon 
oi  the  tm  di&cAjete-Atate  JAlng  tnodelA  o^  phoie  tAaniltloni  thAough 
tenth  oAdeA  In  InveAAe  tmpeAotuAje.  The.  Stme-EmeAy-GAl^^lthA 
model  lA  a geneAollzation  OjJ  the  Apin-one  ll.e.,  thAee-dUAcAete- 
Atate)  Ulng  AyAtem,  and  in  onotheA  Atudy  we  have  exploited  itA 
AxZation  to  the  thxee- component  PottA  model  to  obtain  a high- 
tempeAotuAe  AeAieA  ioA  the  ^Aee  eneagy  thAough  eighth  oAdeA  in  in- 
veAAe  tempeAotuAe. 

The  Islng  model  has  long  been  recognized  as  useful  In 
clarifying  the  fundamental  nature  of  phase  transitions.  The  exact 
solution  of  the  three-dimensional,  two-dlscrete-levels-of-lnterac- 
tion  Islng  model  remains  unknown,  but  several  of  Its  properties 
have  been  deduced  by  deriving  series  expansions  for  the  quantities 
of  Interest  and  using  sophisticated  analytical  techniques  for  ex- 
tracting the  asymptotic  behavior  of  these  series  at  the  transition 
point.  During  the  past  year  we  have  been  deriving  the  coefficients 
In  the  hlgh-temperature  vlrlal  expansion  for  the  Islng  model,  in 
collaboration  with  Prof.  P.  H.  E.  Meljer  and  Mr.  P.  Esfandlarl  of 
The  Catholic  University  of  America.  The  terms  In  this  series  can 
be  related  to  a sum  of  diagrams  composed  of  circles  Interconnected 
by  bonds  (Ref.  1).  The  diagrams  systematize  the  expansion  since 
the  temperature  dependence  enters  only  through  the  bonds  (each  bond 
Is  assigned  a weight  equal  to  the  Interaction  energy  divided  by  the 
product  of  absolute  temperature  and  Boltzmann's  constant),  and  the 
dependence  on  density  enters  only  through  the  circles  (each  circle 
Is  assigned  a weight  that  Is  a polynomial  in  the  density).  The 
diagrammatic  expression  for  the  free  energy,  exact  through  sixth 
order  In  Inverse  temperature,  is  given  in  Fig.  1.  The  factor  to 
be  assigned  a circle  depends  not  only  on  the  number  of  Interaction 
bonds  leaving  the  circle  but  also  on  the  articulation  order  of  the 
circle.  The  diagrams  with  articulation  circles  In  Fig.  1 are  con- 
tained within  the  square  brackets,  and  a kth  order  articulation 
circle  Is  one  that  upon  Its  removal  from  a (connected)  diagram 
causes  the  diagram  to  separate  Into  k disjoint  parts. 

During  the  past  year,  we  have  extended  Eq.  1 (Fig.  1)  to 
Include  all  diagrams  needed  to  calculate  the  free  energy  to  order 
(T)~10  and  have  determined  the  appropriate  density  factors  (Ref.  1). 
The  first  task  was  to  list  the  428  topologically  distinct  diagrams 
with  10  or  fewer  bonds.  The  primary  difficulty  Involves  recogniz- 
ing diagrams  that  are  In  fact  topologically  equivalent  but  appear 
to  be  distinct  because  of  the  way  they  are  drawn.  The  connectivity 
of  a diagram  can  be  represented  by  a matrix,  and  certain  Invariants 
of  these  matrices  are  used  to  recognize  topological  equivalence. 
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Fig.  1 Diagrammatic  Expression  for  the  Virial  Expansion  of  the  Free 
Energy  (F)  of  the  Lattice  Gas.  Here  L is  the  number  of  lattice 
sites,  p is  the  number  density  of  occupied  sites,  P is  the  usual 
Boltzmann  temperature  factor,  and  0(T~^)  denotes  that  the 
next  terms  are  of  order  temperature  to  the  minus  seventh 
power.  The  weight  assigned  an  articulation  circle  (cf.  text) 
is  zero  if  one  of  the  pieces  of  the  diagram  that  it  intarconnacts 
has  but  one  line  connecting  the  piece  to  the  diagram.  This  fact 
has  been  used  to  eliminate  diagrams  such  as  . , . , _ c=> . A ■. 
etc.  from  the  list. 
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Our  most  difficult  task  In  evaluating  the  free  energy 
from  the  diagrams  Is  determining  (Hef.  2)  the  density  weight  fac- 
tors that  account  for  the  fact  that.  In  the  Islng  model,  two 
particles  are  not  allowed  to  occupy  the  same  lattice  site.  A 
general  lemma  for  calculating  these  factors  had  been  reported 
(Ref.  3)  showing  how  these  factors  depend  on  the  articulation 
order,  k,  of  the  circle,  and  on  nj,  the  number  of  Interaction 
bonds  that  connect  It  to  the  jth  disjoint  part  Into  which  the  dia- 
gram separates  when  the  circle  Is  removed,  j > l,2,...,k.  It  was 
shown  that  If  k ^ 2 and  one  or  more  of  the  nj's  Is  equal  to  one, 
the  weight  factor  Is  zero.  Thus,  calculating  to  tenth  order  In 
temperature  Involves  articulation  circles  whose  orders  are  ^ 5. 

We  use  the  general  lemma  to  derive  recurrence  relations  for 
evaluating  the  density  weight  factors  for  nonartlculatlon  circles 
and  for  articulation  circles  of  order  two  and  three,  and  we  eval- 
uate the  lemma  directly  for  the  necessary  fourth-  and  fifth-order 
circles.  The  Incorporation  of  these  results  Into  a tenth  order 
expression  of  the  free  energy  Is  nearing  completion  and  will  then 
be  submitted  for  publication. 

The  above  expansion  will  permit  us  to  examine  new  prop- 
erties of  the  two-dlscrete-state  Islng  model  that  has  shown  re- 
markable agreement  with  experimental  studies  of  many  phase  transi- 
tions. The  three-discrete-state  Islng  model  Is  a more  promising 
candidate  to  elucidate  the  nature  of  the  transition  and  phase 
separation  In  ^He-^He  mixtures  and  of  the  class  of  materials  known 
as  spin  glasses.  As  with  the  two-level  model,  the  exact  solution 
to  the  three-level  model  Is  unknown  so  that  the  developing  of 
series  expansions  Is  a significant  problem. 

In  collaboration  with  Prof.  R.  I.  Joseph  (The  Johns  Hop- 
kins University),  we  have  also  considered  (Ref.  5)  the  generalized 
spin-one  nearest-neighbor  Islng  system, 

- B3C-  K E (S.S  + nS.^S  2)  + BE  (hS.  + AS.  ) , (2) 

<1,J)  ^ ^ ^ ^ k ^ ^ 


Li  A 


:i 


tfhere  X Is  the  Hamiltonian,  B Is  the  Boltzmann  temperature  factor, 
K - BJ  with  J the  Interaction  energy,  S Is  the  spin  (state)  vari- 
able that  takes  on  the  values  ± 1 and  0,  n Is  the  biquadratic  ex- 
change, h Is  the  "field,"  A Is  the  anisotropy,  and  <1,J)  denotes 
that  the  sum  Is  over  nearest-neighbor  pairs.  This  system  Is  called 
the  Blume-Emery-Grlfflths  model,  since  these  authors  studied  It  In 
the  mean-field  apppxlaatlon  to  elucidate  the  traneltlon  and  phase 
separation  In  The  Potts  model  corresponds  to  Eq.  2 with 

n - 3,  and  several  terms  are  available  In  the  series  expansion  of 
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its  free  energy  in  the  variable  u ■ e^*^  - 1.  As  with  the  spin  1/2 
Islng  system,  the  coefficients  In  these  series  derive  from  a spe- 
cific set  of  diagrams.  We  have  related  the  Hamiltonian  of  Eq.  4 
for  general  n to  this  same  set  of  graphs  and  have  shown  that 
factors  of  the  form  (u^[l  + g(m)]}  In  the  Potts  model  are  replaced 
by  factors  - 1]*’  + u*’g(m)}.  These  factors  are  asso- 

ciated with  diagrams  having  i lines  and  m points.  Taking  this 
Into  account,  we  are  able  to  write  down  the  first  seven  terms  In 
the  Blume-Emery-Grlfflths  series  on  loose-packed  lattices  by  In- 
spection of  the  Potts  model  series  and  with  a modest  amount  of  re- 
calculation obtain  the  eighth-order  term.  This  eight-term  series 
will  allow  us  to  examine  the  behavior  of  the  model  throughout  most 
of  (h,A,n,K)  space,  although  the  series  may  be  too  short  to  study 
behavior  In  the  Immediate  neighborhood  of  critical  points.  The 
Initial  work  has  been  accepted  for  publication;  further  analysis 
and  extensions  of  the  series  will  be  the  subject  of  future  studies. 

Principal  Investigators;  R.  A.  Farrell,  P.  Esfandlarl,  R.  I. 

Joseph,  and  P.  H.  E.  Meljer.  Dr.  Farrell  Is  a senior 
physicist  In  the  Theoretical  Problems  Group  of  the  Re- 
search Center.  Mr.  Esfandlarl  was  a graduate  student 
at  The  Catholic  University  of  America,  Dr.  Joseph  Is 
Professor  of  Electrical  Engineering  at  The  Johns  Hopkins 
University,  and  Dr.  Meljer  Is  Professor  of  Physics  at 
The  Catholic  University  of  America;  these  Investigators 
were  not  funded  by  the  program. 
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LASER  INTENSITY  CORRELATION  SPECTROSCOPY  OF  MACROMOLECULES 


Nm  maChocU  o/ie  ducfUbed  ioK  extracting  lueful  duertp- 
tionA  oi  potydiApcAAC  Acattxxing  AtfAtemA  inten&ity  comjUo.- 
tion  data..  The.  appJUcation  oi  thjue  veMotite  methodA  JLa  aUua- 
tratexL  ioK  human-AeAum  veAy-tow-denAlty  tipoproteinA . 

Laser  Intensity  correlation  spectroscopy  (ICS)  has  become 
a standard  method  of  measuring  the  diffusion  coefficient  and  there- 
fore the  effective  hydrodynamic  diameter  of  particles  In  solution. 
Measurements  of  this  kind  are  Important  In  the  characterization  of 
poljnner  solutions  and  In  colloid  science.  Our  capabilities  with 
the  ICS  technique  have  been  developed  for  application  to  human- 
serum  low-  and  very-low-denslty  lipoproteins  (LDL  and  VLDL)  In 
collaboration  with  Dr.  S.  Margolls  of  the  Johns  Hopkins  Medical 
Institutions.  The  Heart  and  Lung  Institute  of  the  National  Insti- 
tutes of  Health  began  support  of  the  work  on  1 June  1976. 

In  the  Intensity  correlation  method,  macromolecular  diffu- 
sion coefficients  are  determined  from  the  autocorrelation  function 
of  the  Intensity  fluctuations  In  the  light  scattered  from  the  mole- 
cules. These  fluctuations  arise  from  the  Brownian  motion  of  the 
scatterers.  The  general  form  of  the  correlation  function  is  C(t) 

■ A|g(l){T)|2  + B,  where  A,  B,  and  T are  the  amplitude,  background, 
and  delay  time,  respectively.  For  a single-sized  molecular  species, 
g(l)(T)  ■ exp(-Dq2T),  where  D is  the  translational  diffusion  coef- 
ficient. The  factor  q2  is  an  instrumental  parameter  equal  to 
(16ir2n2/XQ2)  sln2(0/2).  In  which  n Is  the  refractive  index  of  the 
solvent,  Xq  the  vacuum  wavelength  of  the  Incident  laser  radia- 
tion, and  6 Is  the  scattering  angle.  ICS  Is  presently  the  most 
rapid  and  accurate  means  of  determining  the  diffusion  coefficient 
In  monodlsperse  systems. 


The  cumulant  method  (Ref.  1)  has  extended  the  usefulness 
of  ICS  to  polydisperse  systems  and  provides  a completely  general 
description  of  such  systems.  This  method  yields  the  z-average  dif- 
fusion coefficient  (which  Is  related  to  the  first  cumulant  by 
Kl  ■ D^q^)  and  Its  varlmce  (which  Is  related  to  the  first  two 
cumulants  by  o^  ■ K2/Ki^) . We  have  obtained  the  cumulants  for  solu- 
tions of  LDL  and  VLDL  (Ref.  2).  Our  results  for  VLDL,  listed  at 
the  top  of  Table  1,  are  In  general  agreement  with  known  properties. 


Often  It  would  be  desirable  to  know  more  about  the  distri- 
bution than  just  the  first  two  cumulants.  Unfortunately,  light 
scattering  measurements  lack  sufficient  precision  to  determine  the 
exact  distribution  form.  However,  In  many  Instances  these  methods, 
supplemented  by  model  size  distribution  functions,  can  provide  ad- 
ditional Information.  Previously,  we  Investigated  the  use  of  a 


I 
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Gaussian  model  distribution  to  describe  VLDL  size  (Refs.  2 and  3). 
This  description  was  Inadequate  because,  although  the  mean  radius, 
ao,  was  found  to  be  reasonable,  the  standard  deviation,  o,  was  not 
(c.f.  Table  1).  We  concluded  that  other  distribution  forms  were 
required  to  describe  VLDL. 

Recently  we  have  found  that  the  Pearson  Type  V distribu- 
tion for  the  radius  a. 


N(a) 


uP-1 


r(p  - 1) 


.-p  ,-Y/a 


(1) 


(Ref.  A),  provides  a good  description  of  VLDL  size.  Moreover,  the 
two  distributional  parameters  p and  y are  readily  calculated 
from  and  K2.  In  this  distribution  the  most  probable  radius 
(where  the  maximum  value  of  N(a)  occurs)  Is  anp  - y/p.  The  moments 

OD 

of  the  size  distribution  (a’^)  H J a’^  N(a)da,  can  also  be  used  to 

0 


TABLE  1 

RESULTS  OF  THE  ANALYSIS  OF  VLDL  DATA  TAKEN  AT, 0 - 90*  AND  T - 299. 3*K 

Cumulant  Analysis  (Refs.  1 and  2) 

K ^°’(s"^)*  D ^ X 10®  Diameter  (nm)^ 

1 /I  z s 

2124  ± 19  0.0635  ± 0.02  6.1  ± 0.1  71.0  ± 1.0 

Gaussian  Parameters  (Refs.  2 and  3) 

Radius  aQ(nm)  a(nm) 

20^5 W^O 

Pearson  Type  V Parameters 

p y a^p(nm)  <a)(nm)  a(nm) 

22.75  5583.1  24.5  26.9  6.0 

*Ki  and  the  z-average  diffusion  coefficient  have  been  corrected 
to  20*C.  _ , 

'(‘The  diameter  Is  calculated  from  assuming  spherical  parti- 

cles. 
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obtain  tha  naan  particla  radlua  ^a)  and  tha  varlanca  ■ [(a^) 

- ^a)^].  Ualng  this  daflnltlon  for  we  find  that  " y/(p-2) 

and  0 - (a)/(p-3)’*.  Tha  Paarson  V distribution  leads  to 


- (1  + , (2) 

2 

where  C ■ kTq  /6irn*  Here  k,  T,  and  n are  Boltzmann's  constant, 
absolute  temperature,  and  solvent  viscosity,  respectively.  We 
find  that  the  cumulants  can  be  readily  calculated  and  are  given 
by 

Kj  - (f)  (p-7) 
and  2 

K2  " (7)  <P-7)  • 


0^ 

Oi 

0! 

0: 

il 

J 

J 


The  values  of  p,  y,  Sop,  (a),  and  o for  the  sample  of 
VLDL  are  presented  at  the  bottom  of  Table  1.  Figure  1 Is  a plot 
of  a Pearson  Type  V distribution  with  these  parameters.  This 
distribution  gives  a good  description  of  the  known  properties 
of  VLDL. 


Fig.  1 Ths  Pearson  Type  V Distribution  of  Diameter  (2a)  for  the 
Paraineters  SiMwm  in  Table  1.  VLDL  are  knowm  to  be 
spherical  particles  whose  diameters  range  from  30  nm  to 
greater  than  90  nm  in  electron  micrographs. 
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Knowledge  of  the  form  of  g(l)(T)  for  the  Pearson  V size 
distribution  affords  the  opportunity  to  perform  numerical  experi- 
ments to  determine  the  optimum  means  of  processing  ICS  data  on  such 
polydlsperse  systems.  Preliminary  results,  obtained  after  adding 
appropriate  noise  to  the  artificially  generated  correlation  func- 
tion, Indicate  that  K],  Is  easily  measured  to  better  than  IX  accu- 
racy; however,  K2  la  difficult  to  measure  with  less  than  lOX  error. 

A complete  description  of  the  relationship  between  the 
cumulants  and  the  parameters  of  the  Pearson  V size  distribution 
as  well  as  for  several  other  useful  size  distributions  Is  being 
prepared  for  publication. 

Principal  Investigator;  R.  L.  McCally.  Mr.  McCally  Is  a senior 
physicist  with  the  Theoretical  Problems  Group  of  the 
Research  Center. 
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APPLIED  MATHEMATICS 

Tfie  AppJUtd  Mcuthemtitb  Gfioup  ApzcicdUzt&  in  amcu 
cZoMical  and  modeAn  analMii  concern  to  tht  LaboAotoAif.  The. 
^up  iuppoAtA  voAiouA  LohoAotoKy  pAjogAom  in  addition  to  conduct- 
ing njuejOAch  in  ^uppoAt  o^  and  funded  by  the  ReAeoAch  CenteA'^ 

JRSV  pAogAom.  The  gAoup  con&i&ti  of  fouA  AenioA  mathematicianA , 
each  Accognized  oa  a Aignificant  con£tibutoA  to  hiA  field  thAough 
fuA  pubtuhed  oAiginai  ACAeoAcheA.  Active  oacjoa  include  nwneAical 
onalMiA  and  the  development  of  computational  algoAithm&,  onalyAiA 
of  the  behavioA  and  of  appAoximation  of  AolutionA  of  poAtial  dif- 
feAential  equationA,  and  the  development  of  eAtimation  techniqucA 
in  Apecial  theoAy.  ApplicationA  have  included  impAoved  computa- 
tional pAoceduAeA  in  numenouA  pAogAjom  oAeoA  involving  poAticuloAly 
AtAuctuAal  and  fluid  mechanicA. 

During  the  present  year  significant  results  have  been  ob- 
tained in  the  stratified  flow  studies,  our  newest  area  of  investi- 
gation. Continuing  Important  progress  has  been  achieved  in  our  on- 
going effort  toward  development  of  general  approximation  methods  in 
differential  equations  and  estimation  techniques  in  spectral  theory. 
Results  are  summarized  in  the  following  individual  research  reports 
and  are  described  in  detail  in  five  papers  that  have  been  accepted 
for  publication.  Near  the  end  of  this  reporting  period.  Dr.  D.  W. 
Fox,  Supervisor  of  the  Applied  Mathematics  Group,  began  his  appoint- 
ment as  William  S.  Parsons  Visiting  Professor  In  the  Department  of 
Mathematical  Sciences  at  The  Johns  Hopkins  University  for  the  aca- 
demic year  1976-77.  During  his  appointment.  Dr.  V.  G.  Slgllllto 
will  be  Acting  Group  Supervisor.  At  the  invitation  of  the  Board  of 
Editors,  Dr.  Slgllllto  Is  preparing  a monograph  covering  his  re- 
search for  publication  by  Pitman  Publishing  Limited. 


STEADY  STATE  OSCILLATIONS  IN  A STRATIFIED  FLUID 

We  conAidcA  the  fluid  motion  induced  by  Amalt  Ateady 
oAcUlationA  of  a body  immcAAed  in  a veAtically  AtAotified  fluid. 
OuA  tAcatment  of  thiA  pAoblem  hoA  AeveAal  oApectA.  The  fiAAt  iA 
the  foAmulation  and  tAonAfo Amotion  of  the  pAobtem  foA  quite  oAbi- 
tAOAy  bodicA  and  aenenal  boundany  motionA.  The  Aecond  Ia  the 
Aolution  of  a numbeA  of  Aimple  pAoblemA  in  too  and  thAce  dimen- 
AionA.  Explicit  AolutlonA  have  been  found,  and  theiA  limiting 
behavioA  foA  high  fAequency  and  at  the  buoyancy  fAcquency  hoA  been 
Atudied  in  detail.  ThiA  leadA  to  Aome  neo  obAeAvatlonA  and  to 
conjectuAe  about  the  velocity  field  at  the  buoyancy  fAequency. 

The  study  of  stratified  fluids  is  motivated  by  the  need 
to  tmderstand  the  behavior  of  atmospheric  and  oceanographic  flows 
In  which  the  stratification  and  gravity  introduce  significant 
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buoyant  forces.  Of  special  practical  Interest  Is  the  study  of 
flows  caused  by  the  displacement  of  submerged  bodies  In  the  ocean. 
The  results  described  herein  are  of  Importance  because  they  allow 
us  to  explicitly  describe  the  flows  Induced  by  various  submerged 
bodies  In  a stratified  fluid.  The  graphs  that  Illustrate  the 
nature  of  the  flows  as  the  frequency  of  oscillation  of  the  body 
approaches  the  buoyancy  frequency  of  the  fluid  from  above  are  of 
particular  Interest. 

In  the  present  Investigation,  the  differential  equations 
are  those  of  the  linear  first-order  theory  of  disturbances  about 
equilibrium  with  the  additional  approximations  that  the  buoyancy 
frequency  and  the  density  distribution  may  be  taken  to  be  constant. 
The  resulting  mathematical  problem  is  essentially  the  same  as  that 
for  small  steady  oscillations  In  a uniformly  rotating  fluid. 

When  the  frequency  is  higher  than  the  buoyancy  frequency, 
the  resulting  mathematical  problem  Is  transformed  into  a one- 
parameter  family  of  Neumann  problems  for  the  Laplaclan.  These 
problems  are  solved  exactly  for  oscillatory  translations  and  ex- 
pansions of  spheres  and  of  long  horizontal  cylinders.  As  the  fre- 
quency is  approached  from  above,  the  velocities  become  strongly 
vertical  and  approach  strictly  vertical  limiting  flows.  This  be- 
havior Is  clearly  shown  in  Figs.  1 to  3. 

Figure  1 shows  a slice  through  the  stream  surfaces  for 
the  vertical  oscillation  of  a sphere.  The  cut  Is  made  by  a plane 
throu^  the  x3-axls  (vertical  direction) . Figure  2 has  two  inter- 
pretations. First,  It  gives  the  streamlines  In  the  plane  contain- 
ing the  x3-axls  and  the  direction  of  motion  for  a horizontally 
oscillating  sphere;  second.  It  gives  the  streamlines  for  the  hori- 
zontal circular  cylinder  with  the  axis  along  X2  oscillating  In  the 
X]^  direction.  The  labels  on  the  graphs  are  consistent  with  the 
second  Interpretation.  For  each  graph,  the  values  of  the  stream 
function  of  the  streamlines  shown  are  those  taken  on  the  body  sur- 
face for  values  of  r/Rg  or  x^/Rq  ranging  from  0.05  to  0.95  In 
steps  of  0.05,  where  Rg  denotes  the  radius  of  the  cylinder  or 
sphere . 


Figure  3 shows  the  limiting  velocities  In  the  examples 
as  a>,  the  ratio  of  the  frequency  of  oscillation  to  the  buoyancy 
frequency,  approaches  I"*".  The  first  graph  shows  that  produced  by 
the  vertically  moving  sphere.  It  Is  uniform  above  the  sphere  and 
has  a return  flow  outside  the  vertical  cylinder  generated  by  the 
sphere.  The  second  shows  the  same  kind  of  result  for  the  verti- 
cally oscillating  horizontal  cylinder.  The  third  graph  has  two 
Interpretations.  The  first  of  these  is  the  velocity  above  a hori- 
zontally oscillating  sphere  In  the  plane  defined  by  Its  vertical 
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Fig.  3 Limiting  Velocities:  (a)  Vertically  Oscillating  Sphere,  (b)  Vertically 
Oscillating  Horizontal  Cylinder,  (c)  Horizontally  Oscillating  Sphere 
and  (d)  Radially  Oscillating  Sphere 
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axis  and  its  direction  of  motion.  The  second  Is  the  velocity 
above  a horizontal  circular  cylinder  oscillating  horizontally  per- 
pendicular to  the  axis  of  the  cylinder.  The  velocities  below  the 
horizontally  oscillating  sphere  and  cylinder  are  the  negative  of 
those  above.  The  last  of  the  graphs  also  has  two  Interpretations: 
the  motion  above  and  below  the  radially  oscillating  sphere  In  a 
vertical  plane  through  the  X3-axls  or  the  motion  above  and  below 
the  radially  oscillating  horizontal  cylinder.  In  this  figure,  U 
denotes  the  magnitude  of  the  prescribed  velocity  u^. 

These  limiting  flows  suggest  the  following  conjecture 
about  the  limiting  vertical  velocities  above  and  below  oscillat- 
ing bodies. 

The  limiting  vertical  velocity  U3  above  and  below  any 
body  with  prescribed  velocity  u^  Is  Independent  of  X3  and  Is  de- 
termined by  the  boundary  condition, 

u^n^  ■ u^*n  on  3G  , 

whenever  n3  does  not  vanish.  The  flow  outside  the  vertical  cylin- 
der generated  by  the  body  Is  zero  If  the  prescribed  velocities 
satisfy 

/O  .1  f 0 A 

u ’n  dx  ■ I u *n  ds  , 

3G+  3G" 

In  which  3G^  and  dG~  are  the  top  and  bottom  of  the  body,  respec- 
tively . 

Principal  Investigators : D.  W.  Fox  and  V.  G.  Slgllllto.  Dr.  Fox 
Is  Supervisor  of  the  Applied  Mathematics  Group  of  the 
Research  Center.  He  Is  William  S.  Parsons  Visiting  Pro- 
fessor In  the  Department  of  Mathematical  Sciences  for 
1976-77.  Dr.  Slgllllto  Is  a senior  mathematician  of  the 
Applied  Mathematics  Group  of  the  Research  Center.  He  Is 
also  an  instructor  In  the  Evening  College  of  The  Johns 
Hopkins  University. 

Reference 

1.  D.  W.  Fox  and  V.  G.  Slgllllto,  "Steady  State  Oscilla- 
tions In  a Buoyant  Fluid,  (to  appear  In  J.  Appl.  Math. 
Phys . ) . 
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numerical  solutions  of  partial  differential  equations 

Thz  appJUaouUon  oi  the.  conjugate  gmcUent  method  viitk 
matfiLx  iptitting  tejchfUqoju  to  the.  IteAatLve  solution  oi  eZtiptic 
iinite  diiieAence  eguationi  hoA  produced  a method  that  aJUom  a 
napid  solution  oi  ceJUtatn  ilutd  itoio  pHoblejM. 

One  approach  to  solving  a fluid  flow  problem  Involving  a 
stenosis  (or  constriction)  In  an  axlsymmetrlc  channel  is  the  con- 
formal transformation  of  the  region  to  an  Infinite  strip  or  rec- 
tangle. This  in  turn  destroys  the  separability  of  the  differential 
equation  and  precludes  the  use  of  direct  methods  on  the  resulting 
linear  finite  difference  equation.  To  circumvent  this,  a conjugate 
gradient  matrix  splitting  Iterative  technique  Is  now  being  Investi- 
gated. The  method  has  been  analyzed  for  problems  that  lead  to 
synsnetrlc  positive  definite  matrices.  However,  some  early  results 
Indicated  that,  with  appropriate  splitting,  the  method  can  be  more 
widely  applied  (Ref.  1).  Current  Investigation  centers  around 
studying  optimal  application  and  the  matrix  conditions  needed  to 
guarantee  rapid  convergence,  thus  allowing  rigorous  application  of 
this  efficient  technique. 

Principal  Investigators;  L.  W.  Ehrlich  and  J.  R.  Kuttler.  Drs. 

Ehrlich  and  Kuttler  are  senior  mathematicians  of  the  Ap- 
plied Mathematics  Group  of  the  Research  Center.  Dr. 
Ehrlich  Is  also  an  Instructor  In  the  Evening  College  of 
The  Johns  Hopkins  University,  and  Dr.  Kuttler  Is  also  an 
Instructor  In  the  Evening  College  of  the  University  of 
Maryland. 

Reference 


1.  L.  W.  Ehrlich,  ”0n  Some  Experience  Using  Matrix  Split- 
ting and  Conjugate  Gradient,"  presented  at  the  1975 
SIAM  Fall  Meeting,  San  Francisco,  CA. 


ESTIMATING  FREQUENCIES  OF  DIFFERENTIAL  OPERATORS 

We  fiepont  on  the  Ae^utti  oi  AeveAot  nmeHtcaZ  expeAtmentA 
a neuf  method  ioA  estimating  eigenvalues  oi  elliptic  poAtial 
diiieAential  openotoAs.  Such  eigenvalue  pAoblems  one  oi  signiii- 
cant  inteAest  in  naval  stAuctuAol  engineering p since  these  equa- 
tions describe  the  vibAotional  irequencies  oi  beams,  plates,  AotoAs, 
and  membAones.  However,  oiten  only  crude  bounds  are  known  ior  the 
eigenvalues,  whereas  more  reiined  estimates  are  needed  ior  design 
purposes. 
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In  the  last  reporting  period  we  described  (Ref.  1)  a new 
method,  called  the  method  of  a priori  — a posteriori  Inequalities, 
which  takes  crude  estimates  for  eigenvalues  and  gives  refined  esti- 
mates using  only  elementary  trial  functions  that  need  satisfy  no 
boundary  conditions  (see  also  Ref.  2).  Since  then  we  have  con- 
ducted several  numerical  experiments  with  the  method  to  demonstrate 
its  effectiveness. 

The  eigenvalue  problem. 


In 


R, 


on 


dR  , 


describes  the  frequencies  proportional  to  A of  a plate  R clamped 
on  its  boundary  3R.  Here  is  the  blhamonlc  operator  and  9/dn  the 
normal  derivative.  Even  for  R,  a rectangle,  the  problem  cannot  be 
solved  exactly  since  Is  not  separable. 

For  trial  functions,  we  used  products  of  even  Legendre 
polynomials  P2m^*^  ^2n^y^*  ® priori  Inequality  used  was  taken 

from  Ref.  3.  For  a 2 x 2 square  we  obtain  ■ 80.910  ± 0.056;  for 
a 2 X 2.5  rectangle,  A^  ■ 55.826  ± 0.009  and  A2  “ 497.55  ± 1.34; 
for  a 2 X 16  rectangle,  Ai  - 31.550  ± 0.005. 

The  eigenvalue  problem. 


Au  + Xu  * 0 in  R,  u * 0 on  3R, 


describes  the  frequencies  proportional  to  X of  a membrane  R, 
fixed  on  Its  boundary  3R.  Here  A is  the  Laplacian.  For  R,  a 
nonsquare  rhombus,  the  problem  cannot  be  solved  exactly. 

For  trial  functions,  even  powers  x^™y^”  were  used  with  the 
a priori  Inequality  from  1.  For  a 75*  angle  rhombus  with  unit  side 
we  obtain  X^  - 20.872  ± 0.006,  X2  - 79.047  ± 0.024,  X3  - 108.894 
± 0.076.  For  a 45*  angle  rhombus  with  unit  side,  we  obtain 
Xi  - 34.779  ± 0.078,  X2  - 100.288  ± 0.177,  X3  - 185.47  ± 2.17. 

The  results  described  above  are  comparable  with  bounds  ob- 
tained by  other  methods,  although  In  some  cases  they  are  slightly 
worse  than  the  best  available  bounds  for  each  problem.  More  work 
needs  to  be  done  on  solving  the  relative  matrix  eigenvalue  problem 
that  this  method  generates  (Refs.  1 and  2).  In  contrast  to  other 
methods,  the  significant  feature  of  the  present  method  Is  its  appli- 
cability to  a wide  variety  of  problems.  This  Is  a direct  result  of 
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the  fact  that  the  trial  functlona  need  not  aatlsfy  either  the 
boundary  conditlona  or  the  differential  equation  describing  the 
problem. 


Experiments  are  now  being  carried  out  on  the  fixed  rhombl- 
cal  meiid>rane  problem  using  as  test  functions  trlgometrlcal  functions 
that  satisfy  the  equation  Au*  + X*u*  - 0. 

Principal  Investigators ; J.  R.  Kuttler  and  V.  G.  Slglllito.  Drs. 
Kuttler  and  Slglllito  are  senior  mathematicians  In  the 
Applied  Mathematics  Group  of  the  Research  Center.  Dr. 
Kuttler  was  an  Instructor  at  the  University  College 
(Evening  College)  of  the  University  of  Maryland  from  Sep- 
tember 1975  through  December  1975. 

References 


1.  J.  R.  Kuttler  and  V.  G.  Slglllito,  "Bounding  Eigen- 
values of  Elliptic  Operators,"  SIAM  J.  Math.  Anal, 
(submitted  for  publication) . 

2.  J.  R.  Kuttler  and  V.  G.  Slglllito,  "Estimating  Fre- 
quencies of  Differential  Operators,"  Indirectly 
Funded  Research  and  Exploratory  Development  at  the 
Applied  Physics  Laboratory.  Fiscal  Year  1975.  APL/JHU 
SR  76-2,  June  1976,  pp.  41-43. 

3.  V.  G.  Slglllito,  "a  Priori  Inequalities  and  Polntwlse 
Bounds  for  Solutions  of  Fourth  Order  Partial  Differen- 
tial Equations,"  SIAM  J.  Appl.  Math. . Vol.  15,  1967, 
pp.  1136-1155. 
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ATOMIC,  MOLECULAR,  AND  ELECTRONIC  PHYSICS 

Fundamental  undeMtanding  of  the  IntenactionA  atom6, 
moleculei,  electAon6,  and  Aoxiiation  uUth  mattefi  ii  important  ioK 
improving  tecknotogixial  eapabiJUtLei  in  a wide  voAiety  oi  aneoi, 
iuch  Oi  loieM,  computer,  electAomagnetic  detectoAi,  and  pfwpul- 
iion.  ReieoAch  in  atomic,  moleculoA.,  and  electAjonic  phyiia  con- 
tinuei  Oi  an  important  component  o^  the  ReieoAch  CenWi’i  JRiV 
pnognam,  uiith  emphoiii  on  the  development  o^  impAoved  expeAijnental 
tecknijguei  and  theoAetical  appAoachei  ^oa  obtaining  definitive  in- 
fomation  on  Aeaction  mechaniim  and  eneAgy-tAamfeA  pAoce&iei. 

In  the  past  year,  the  Electronic  Physics  Group  has  carried 
out  research  on  a broad  spectrum  of  topics.  Including  (a)  mass 
spectrometry  of  highly  reactive  species  formed  In  elementary  chemi- 
cal reactions,  (b)  scanning  electron  microscopy,  (c)  structure  of 
the  ground  states  of  the  noble  gas  molecules  KrF  and  XeP,  and 
(d)  measurement  of  mechanical  properties  of  viscoelastic  materials, 
such  as  solid  propellants.  Six  papers  have  been  submitted  for  pub- 
lication, and  others  are  now  In  preparation. 

The  work  on  viscoelastic  materials  Is  a new  area  of  re- 
search concerned  with  the  development  of  a nondestructive  small 
deformation  technique  for  measuring  the  tensile  modulus  of  such 
materials.  Including  solid  propellants.  The  technique  appears  to 
be  sufficiently  promising  that  the  Air  Force  Rocket  Propulsion 
Laboratory  Is  expected  to  provide  funding  for  this  project  In  the 
coming  year. 

In  addition,  the  Electronic  Physics  Group  has  for  more 
than  20  years  collaborated  with  the  Microwave  Physics  Group  In  re- 
search on  the  electron  spin  resonance  of  free  radicals.  A report 
on  this  activity  Is  Included  In  the  IR&D  report  of  the  Microwave 
Physics  Group. 

Dr.  S.  N.  Foner,  Supervisor  of  the  Electronic  Physics 
Group,  continues  to  serve  as  Chairman  of  the  Editorial  Board  of 
the  APL  Technical  Digest.  He  Is  an  advisor  to  the  Scientific 
Affairs  Division  of  NATO.  He  also  serves  as  Chairman  of  the 
Physics  and  Astronomy  Panel  of  the  Membership  Committee  of  the 
Washington  Academy  of  Sciences. 


MASS  SPECTROMETRY  OF  HIGHLY  REACTIVE  SPECIES 

In  atomic  fluoAine  Aeactioni,  a cjOMideAobte  fAaction  of 
the  available  eneAgy  vefiy  fAequently  appeoAt  oi  inteAnal  excitation 
eneAgy  of  the  Aeactian  pAoducti.  Man  ipectAometAic  itudiei  loilh  a 
cAoned  moleculoA  beam  AeactoA  have  pAovided  infoAmation  on  the  vi- 
bAational  excitation  of  HF  foAmed  in  F atom  Aeactioni  with  n-butane, 
iiobutane,  and  ethylene. 
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Reactions  Involving  atoalc  fluorine  have  a variety  of  po- 
tential applications  in  the  fields  of  chemical  lasers  and  high- 
energy  fuels  because  large  amounts  of  energy  are  released  In  the 
reactions  and  the  reaction  products  are  often  very  highly  excited. 
Fluorine  atom  reactions  hsve  been  studied  In  a hlgh-lntenslty 
crossed  molecular  bem  reactor  at  this  Lsboratory,  as  reported 
previously.  It  was  shown  that  excitation  of  reaction  products, 
particularly  HF,  could  be  deduced  from  appearance  potential  mea- 
surements, since  the  Ionisation  potential  of  an  excited  state 
molecule  Is  less  than  that  of  a ground  state  molecule.  Such  mea- 
surements provide  valuable  Information  on  the  Initial  distribution 
of  energy  among  the  products  of  exothermic  reactions  and  complement 
that  obtained  from  radiation  measuresKnt  techniques,  such  as  chemi- 
luminescence and  cheislcal  laser  experiments,  and  molecular  beam 
experiments  In  which  excitation  energy  Is  deduced  from  the  measured 
angular  distribution  of  the  reaction  products. 

It  has  been  found,  for  example.  In  the  F -f  H2  reaction 
(Ref.  1)  that  the  total  available  reaction  energy  can  be  converted 
efficiently  Into  Internal  excitation  of  the  product  HF  molecule. 

The  total  energy  available  In  this  case  Is  equal  to  the  smr  of  the 
exothermlclty  of  the  reaction,  -AHq  - 31.5  kcal  mole“^,  the  activa- 
tion energy  of  the  reaction  1.7  kcal  mole'^,  the  relative  transla- 
tional energy  3/2  RT(T  - 300K)  -0.9  kcal  mole"l,  and  the  H2  Inter- 
nal energy  RT  > 0.6  kcal  mole'l-,  amounting  to  34.7  kcal  mole~l, 
which  Is  sufficient  to  populate  the  J • 6 rotational  level  In  the 
v"  - 3 vibrational  level  of  HF;  In  fact,  this  excitation  has  been 
observed. 


Some  Interesting  complications  occur  In  dealing  with  ex- 
cited molecules  In  the  mass  spectrometer.  Vfttile  the  theoretical 
minimum  energy  for  Ionization  Is  Eg  - Eexc>  where  Eg  Is  the  Ioniza- 
tion potential  of  a ground  state  molecule  and  Egxc  the  excita- 
tion energy,  such  a transition  may  have  such  low  probability  as  to 
be  unobservable.  The  reason  Is  that  If  the  Intemuclear  distances 
for  the  vlbratlonally  excited  molecule  and  the  ground  state  of  the 
ion  are  significantly  different,  the  transition  probability,  which 
Is  determined  by  the  overlap  Integral  or  Franck-Condon  factor  for 
the  two  states,  will  be  very  small.  From  these  considerations  It 
follows  that  the  measured  decrease  In  the  Ionization  potential  of  a 
molecule  gives  a lower  bound  on  Its  excitation  energy. 

Mass  spectrometrlc  studies  have  been  carried  out  on  se- 
lected F atom  reactions  In  which  the  HF  molecule  was  produced 
with  stibstantlal  Internal  excitation  energy.  Figure  1 shows  ap- 
pearance potential  curves  for  the  HF^  Ion  for  unexcited  ground 
state  HF,  which  Is  used  as  a reference,  and  for  HF  obtained  from 
F atom  reactions  with  n-butane.  Isobutane,  and  ethylene.  It  Is 
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apparent  from  the  magnitude  of  the  scale  shifts  for  the  HF  produced 
by  reaction  that  some  of  the  molecules  are  endowed  with  considerable 
energy. 

What  Is  somewhat  surprising  Is  that  the  Ionization  energy 
shifts  are  actually  as  large  as  those  observed.  In  the  case  of 
the  Isobutane  reaction,  there  Is  sufficient  energy  available  to 
populate  the  v”  - 4 vibrational  level  - 1.839  eV  - 42.41 

kcal  mole"*)  of  HF.  However,  direct  Ionizing  transitions  to  the 
V*  - 0 level  of  the  Ion  would  not  be  favored  by  the  Franck-Condon 
principle,  so  that  one  would  expect  to  measure  lower  energy  shifts 
corresponding  to  transitions  to  the  v'  - 1,2,  and  3 levels  of  the 
Ion.  The  experimental  observation  of  about  i.8-eV  niav<mnin  energy 
shift  suggests  that  somehow  the  v'  ■ 0 level  may  be  accessible  for 
Ionization.  A possible  explanation  Is  that  the  v'  - 0 Ions  are 
produced  by  resonant  auto-lonlzatlon  of  molecular  Rydberg  states 
associated  with  the  v'  - 1 and  v’  - 2 levels  of  the  Ion,  an  effect 
that  has  been  observed  In  photoelectron  spectra  of  HF  (Ref.  2). 

As  expected,  because  of  their  lower  reaction  exothermlcl- 
tles,  the  HF  excitations  obtained  for  n-butane  and  ethylene  are 
less  than  for  Isobutane.  In  the  case  of  n-butane,  where  It  Is 
energetically  possible  to  populate  the  v"  - 3 level  (Egxc  * 1.410 
eV),  a maximum  energy  of  about  1.3  eV  has  been  observed.  In  the 
case  of  ethylene,  where  energy  only  sufficient  for  v"  ■ 2 (Eexc 
■ 0.961  eV)  Is  available  an  excitation  of  this  magnitude  was  ob- 
served. Considerable  information  on  the  distribution  of  excitation 
energy  among  the  various  states  is  obviously  contained  in  the  com- 
plex structure  of  the  Ionization  curves.  Deconvolution  of  these 
curves  to  determine  excited  state  population  distributions  Is  com- 
plicated and  requires  careful  analysis.  When  this  study  Is  com- 
pleted, It  will  be  written  for  publication. 

Principal  Investigators;  S.  N.  Foner  and  R.  L.  Hudson.  Dr.  Foner 

Is  Supervisor  of  the  Electronic  Physics  Group  of  the  Re- 
search Center,  and  Mr.  Hudson  Is  a senior  engineer  in  the 

Electronic  Physics  Group. 
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SCANNING  ELECTRON  MICROSCOPE  INVESTIGATION  OF 
POTENTIOSTATICALLY  PITTED  ALIWINUM 

A ^teJLiOicopic  AcanifUng  eZcct/ian  micAMcope  invutLaatlon 
oi  pottntLoitaUcaJtJiy  piiXzd  aJbmimm  in  chlonide.  iotutlons  hcu 
dimomt/uUed  that  the.  oxide.  tayeJi  KemcUm  toAgeZy  intactp  ocdUud- 
tng  the  gnoiaing  pit  ^nom  the  bulk  electnolyte.  Vefecti  in  the 
central  pontion  oi  the  oxide  one  identiiied  that  appoAentty  pejmit 
wateAialh  to  enten  and  exit  iAom  the  pit. 

During  the  past  decade,  there  has  been  considerable  re- 
search perfomed  In  the  area  of  localized  corrosion  (Ref.  1).  In 
general,  the  goal  of  this  research  has  been  to  find  technological 
solutions  to  the  problems  of  stress  corrosion  cracking  and  pitting 
corrosion.  At  the  same  time,  an  understanding  of  the  basic  mechan- 
isms Involved  In  these  phenomena  has  been  sought.  Our  particular 
Investigation  has  dealt  with  potentlostatlc  pitting  of  aluminum  In 
chloride  solutions  (Ref.  2}  with  the  hope  of  ferreting  out  the  ex- 
perimental facts  needed  to  Identify  mechanisms. 

The  scanning  electron  microscope  (SEM)  was  used  to  study 
localized  or  pitting  corrosion  In  aluminum.  The  experimental  pro- 
cedure employed  the  following  steps:  (a)  anodizing  the  aluminum 
surface,  thus  providing  an  oxide  passivation  layer  of  known  thick- 
ness; (b)  pitting  the  specimen  In  a chloride  solution  with  a modest 
applied  potential  (e.g. , a few  hundred  millivolts);  and  (c)  exam- 
ining the  pits  formed  In  step  (b)  In  the  SEM.  The  examination  In- 
cluded both  topographical  and  compositional  aspects. 

Figure  1 presents  a stereo  pair'*  of  micrographs  of  a set 
of  three  pits  that  apparently  started  Independently  but  joined  as 
they  grew.  In  these  micrographs,  a portion  of  the  oxide  cover  of 
the  uppermost  pit  was  removed  with  a microprobe  In  order  to  see 
the  pit  bottom  more  clearly.  The  part  of  the  pit  left  unmarred  by 
the  microprobe  shows  the  crystallographic  attack  that  was  taking 
place  In  the  pit.  The  oxide  layer  Is  viewed  unmistakably  detached 
above  the  pit,  having  withstood  the  corrosive  attack  that  removed 
a considerable  amount  of  aluminum  below.  Although  not  shown 
clearly  In  Fig.  1,  near  the  center  of  the  oxide  over  each  pit  Is  a 
small  hole  only  a small  fraction  ol:  the  size  of  the  pit  Itself. 
These  holes  were  associated  with  a surface  defect  and  apparently 
provided  entry  to  and  exit  from  the  pit. 


*The  pits  can  be  viewed  in  stereo  by  placing  an  opaque  sheet  of 
material  perpendicular  to  the  page  along  the  line  dividing  the 
two  micrographs  and  allowing  the  eyes  to  merge  the  two  Images. 
With  some  luck  the  sheet  Is  not  necessary.  However,  a stereo- 
scopic viewer  is  best  If  available. 
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Fig.  1 A Stereo  Pair  of  Micrographs  of  Three  Pits  after  Using  a Microprobe 
to  Remove  Part  of  the  Oxide  Film  of  the  Uppermost  Pit.  The  beam 
voltage  was  30  kV. 


Using  the  energy  dispersive  X-ray  analysis  system  attached 
to  the  SEM,  the  chemical  composition  of  various  materials  asso- 
ciated with  the  pits  was  determined.  Of  particular  Interest  was  a 
chloride  containing  a corrosion  product  whose  X-ray  spectnim  Indi- 
cated a [Cl]  to  [Al]  concentration  ratio  significantly  less  than 
unity.  This  suggests  a hydroxychlorlde  aluminum  complex. 


The  following  conclusions  were  drawn  from  the  experimental 


The  oxide  layer  remains  Intact,  except  for  small  breaks 
near  the  center,  occluding  the  pit  proper  from  the  bulk 
electrolyte; 


The  undermining  of  the  oxide  layer  Is  very  extensive 
Conq>aratlvely  large  amounts  of  matter  are  removed 
from  the  pit  through  small  breaks; 


The  chloride  corrosion  product  In  Its  state  of  pre- 
servation Is  probably  a hydroxychlorlde  aluminum  com- 
plex; and 


Breaks  In  the  oxide  near  the  pit  center  were  commonly 
observed  to  be  associated  with  a surface  defect. 


Principal  Investigators!  C.  B.  Bargeron  and  R.  B.  Givens.  Dr. 
Bargeron  Is  a senior  physicist  and  Mr.  Givens  Is  an 
engineering  assistant  In  the  Electronic  Physics  Group  of 
the  Research  Center. 
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STRUCTURE  OF  THE  GROUND  STATES  OF  THE  NOBLE  GAS-HALOGEN  MOLECULES 
KrF  AND  XeF  USING  A SPIN-CORRELATED  VALENCE  BOND  THEORY 

A 6mimplfLicjcil  vaZencji  bond  (l/B)  wave  iunction  that  tn- 
cludu  tlzctnon  conAzZatton  htu  been  iomd  to  iuccuA^uily  aanount 
ioA  thz  zZzctAon  nuctzoA  hypeA^lnz  6tAiictjuAe.  [h^]  intzAActtoru  -in 
the.  tneAt-ga/,  monohatide  molecjule-i  KAf  and  XeF.  CompoAuon  o^ 
theoAettcaZ  and  expeAtmental  h^  comtanti  yleZdi  ej^timte^  o^  the 
tnteAotomic  dUtance  and  eJiectAon  cJhoAge  dl&tAcbutCon  tn  the  gAound 
6tate6  oi  these  unasuaZ  moZecuZes. 

Interest  In  the  chemical  bonding  and  structure  of  the 
Inert  gas  compounds,  which  Is  generally  high  because  these  com- 
pounds violate  the  classical  principle  of  Inertness  of  closed 
shell  atoms,  has  been  further  stimulated  by  the  possibility  of 
constructing  powerful,  partially  tunable  ultraviolet  (UV)  lasers 
based  on  emission  from  excited  states  of  the  Inert-gas-monohallde 
diatomic  molecules.  Also  of  great  theoretical  Interest  and  possi- 
bly of  practical  liqportance  in  calculating  optical  transition  fre- 
quencies and  transition  Intensities  In  these  molecules  Is  the  fact 
that  fairly  elaborate  molecular  orbital  (MO)  calculations  carried 
out  at  other  laboratories  predict  that  all  the  Inert  gas  monohalides 
have  nonbonding  ground  states  (Ref.  1) , whereas  experiments  at  other 
laboratories  have  Indicated  that  XeF  and  KrF  are  chemically  bound 
(Ref.  2).  Most  recently,  work  at  APL  described  elsewhere  In  this 
report  has  demonstrated  that  XeCl  Is  also  chemically  bound  (Ref.  3). 

We  have  initiated  a VB  study  of  the  Inert  gas  monohalides, 
the  advantage  of  the  VB  over  the  molecular  orbital  method  being 
that  It  Is  considerably  easier  to  Include  electron  correlation  In 
the  VB  wave  function.  The  utility  of  such  a VB  wave  function  has 


- 53  - 


I 


THE  JOHNS  HOPKINS  UNIVERSITY 

APPLIED  PHYSICS  LABORATORY 

LAUREL  Maryland 


I 


been  demonstrated  previously  in  studies  of  optical  transition  In- 
tensities (Ref.  4)  and  hfs  Interactions  (Ref.  5)  In  the  halogen- 
molecule  anions,  (XM)“,  which  are  Isoelectronlc  to  the  Inert  gas 
monohalldes. 

The  studies  to  date,  which  are  still  In  a preliminary 
stage,  use  the  VB  wave  function, 

Y - N[e*(A X)  + Vl  - x")  ] , 


to  elucidate  the  structure  of  these  molecules,  where  e weighs 

the  neutral  (A X)  and  Ionic  (A^ X ) structures.  For  the 

ground  state,  e Is  close  to  one,  whereas  e Is  much  smaller  than 
one  In  the  excited  state  responsible  for  UV  emission  to  the  ground 

state.  N Is  a normalization  constant.  4 (A X)  Is  an  antlsym- 

meterlzed  product  of  Hartree-Fock  self-conslstent-fleld  (SCF) 
atomic  functions  for  the  rare  gas  species  A and  halogen  species 
X centered  on  their  respectlve^nuclel  separated  by  a distance  R, 

the  Intemuclear  distance.  4(A X ) Is  a similar  function  only 

Involving  the  Ionic  SCF  wave  functions.  In  this  way  Intra-atomic 
correlation  Is  built  Into  the  wave  function.  It  should  be  noted 
that  this  Is  a wave  function  for  a diatomic  molecule  that  Is  one 

electron  short  of  the  completely  filled  shell  structure  (A X ) 

and  depicts  the  missing  electron  or  "hole"  as  being  shared  between 
the  two  atoms. 

To  compute  the  Isotropic  hyperflne  constant  with  this 
function  It  Is  Important  to  Include  Interatomic  correlation.  For 

example.  In  the  structure  (A X)  where  the  hole  Is  on  the  halogen 

X,  Interatomic  correlation  Is  Included  by  considering  the  van  der 
Waals  polarization  of  the  halogen  orbitals  by  the  rate  gas  atom  A, 
which  contributes  significantly  to  the  halogen  Isotropic  hyperflne 

constant.  On  the  other  hand  for  the  Ionic  structure  (A^ X~) 

where  the  hole  resides  on  the  rare  gas  atom,  the  polarization  of 
the  Ionic  orbitals  on  A"^  by  the  negative  charge  on  X~  Is  necessary 
to  compute  adequately  the  rare  gas  Isotropic  hyperflne  constant. 

A key  point  In  the  calculation,  which  Is  too  lengthy  to  be  de- 
scribed In  detail  here.  Is  that  the  polarization  of  A+  by  X~  In 

*(A+ X~)  admixes  various  excited  states  of  A+  Into  the  ground 

state,  and  most  of  these  states  Involve  excitation  of  a valence 
s electron  Into  the  almost  filled  p shell  of  A+.  The  spin  of 
the  excited  s electron  must  be  opposite  to  the  net  spin  of  the 
almost  filled  p shell;  thus  this  excitation  leads  to  an  unpaired 
electron  spin  density  In  the  valence  s shell.  We  have  a similar 

situation  In  the  neutral  structure  (A X)  Involving  the  hole  on 

X where  the  polarization  mechanism  Is  the  van  der  Waals  Interac- 
tion. 


j: 
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Values  of  R and  e are  determined  on  the  basis  of  the 
best  fit  between  the  calculated  and  experimental  Isotrplc  hyper- 
fine  constants  Aq.  These  values  are  used  to  coiiq)ute  the  aniso- 
tropic constant  B,  which  Is  compared  to  the  experimental  aniso- 
tropic constant.  The  anisotropic  part  of  the  hfs  Is  determined 
largely  by  the  unpaired  electron  density  In  the  valence  p orbi- 
tals and  hence  Is  not  as  sensitive  to  electron  correlation  as  the 
Isotropic  constant.  The  results  for  XeF  are  tabulated  In  Table  1. 
From  the  table  It  Is  seen  that  the  results  are  In  good  agreement 
with  experiment.  The  two  Intemuclear  distances  correspond  to 
using  the  experimental  Isotropic  constant  Aq  of  Xe  to  determine 
R and  e or  to  using  the  experimental  Aq  of  F to  evaluate  these 
quantities.  The  closeness  of  the  Intemuclear  distances  can  also 
be  used  as  a gauge  on  the  success  of  the  theory.  The  agreement 
between  the  theoretical  and  experimental  values  for  the  aniso- 
tropic coupling  constant  B Is  excellent,  particularly  for  F, 
where  near  coincidence  of  these  quantities  Is  more  than  we  would 
expect  from  the  semlemplrlcal  theory.  Coiiq)utatlons  are  In  prog- 
ress for  KrF  and  XeCl. 

This  theory  suggests  that  since  the  Isotropic  hyperflne 
constant  Aq*  which  Is  a measure  of  the  quality  of  an  electronic 
wave  function,  can  be  calculated  using  a VB  wave  function,  a cor- 
related wave  function  should  be  used  to  calculate  the  electronic 
structure  of  these  molecules  In  order  to  assess  If  the  failure  of 
the  MO  theory  to  predict  bounding  In  some  of  these  molecules  Is 
due  to  shortcomings  of  the  theory  or  the  fact  that  the  molecules 
are  bound  In  a matrix  but  not  In  the  free  state. 


Table  1 

COMPARISON  OF  EXPERIMENTAL  AND  THEORETICAL  HYPERFINE 
COUPLING  CONSTANTS  FOR  XeF 


THE  >IOHNS  HOPKINS  UNIVERSITY 
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MEASUREMENT  OF  MECHANICAL  PROPERTIES  OF  VISCOELASTIC  MATERIALS 

A lfu.gh-6m&ltivlty  ^c/vtojue  ^o/i  m&ti&ufUng  -C/te 
modatiu  vlicozlutic  mattKioJU,  iuck  cu  iotid  pAopeZtanti, 
hcu  been  deveZopcd.  8ecau6e  the  tutt>  invotvt  malt  deionmtAJOM 
and  a/LC,  thefie^ofie,  nondutmctlve,  the  &ame  Aompte  can  be  Kepeat- 
edty  tested  oven,  a tong  penlad  o^  time  to  pnxivtde  tn^onmation  on 
aging  eHecZt,  on  mechanical  pnapentiu , without  the  uncentaintieA 
due  to  sample  vaniabitity  when  the  utual  deitnuetive  teitA  one 
employed. 

Considerable  difficulty  has  long  been  encountered  In  at- 
tempts to  measure  accurately  the  tensile  modulus  of  viscoelastic 
materials,  such  as  filled  elastomers  and  solid  propellants.  Changes 
In  the  network  structure  of  the  polymeric  binder  with  time  and  tem- 
perature as  revealed  by  changes  In  the  tensile  modulus  are  Impor- 
tant for  assessing  the  effects  of  chemical  aging  and  may  be  useful 
In  predicting  propellant  service  life.  In  two  recent  review  arti- 
cles (Refs.  1 and  2)  the  need  for  Improved  tensile  modulus  measure- 
ments was  emphasized.  One  of  the  greatest  difficulties  In  this  work 
has  been  the  scatter  In  the  data,  which  often  has  been  so  large  as 
to  obscure  the  changes  due  to  chemical  aging.  The  lack  of  reprodu- 
cibility of  results  In  previous  work  Is  probably  due  to  two  factors: 
sample  variability  and  Inaccuracy  In  the  measurement  technique. 
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We  have  evolved  a nondestructive  small'deformatlon  tech- 
nique In  which  a low-frequency  dynamic  stress  Is  applied  to  the 
sample  by  a force  transducer  (driver) , and  the  displacements  of  the 
sample  are  sensed  by  small  ceramic  phonograph  cartridge  pickups 
coupled  Into  special  FET  hlgh-lmpedance  amplifiers.  The  small-de- 
formation approach  avoids  permanent  damage  to  the  material  and, 
by  permitting  the  same  sample  to  be  tested  repeatedly,  avoids  any 
scatter  In  the  measurements  due  to  sample-to-sample  variations. 
Because  of  the  relatively  low  tensile  modulus  of  these  viscoelastic 
materials,  the  most  commonly  used  transducer  for  strain  measure- 
ment, the  resistance  strain  gauge.  Is  unsuitable  In  our  application, 
since  Its  compliance  Is  coaq>arable  to  the  material  being  tested  and 
would  require  large  corrections  to  the  measurements.  The  phono- 
graph cartridge  pickups,  on  the  other  hand,  require  only  very  small 
tracking  forces  and  faithfully  follow  the  motions  of  the  medium. 

In  addition,  the  pickups  can  be  positioned  to  provide  high  spatial 
resolution  and  could  be  used  to  observe  anisotropic  behavior  In 
the  mechanical  properties  of  the  sample. 


A simplified  schematic  diagram  of  the  apparatus  Is  shown 
In  Fig.  1.  The  driver  unit  Is  a vibration  generator  with  a maximum 
force  capability  of  1 lb  in  the  frequency  range  0 to  10  kHz.  A 
series  of  phonograph  cartridges  is  mounted  on  the  sample,  as  Indi- 
cated, to  measure  relative  displacements.  By  using  a low-frequency 
AC  dynamic  stress,  drifts  in  position,  including  those  due  to  creep, 
are  eliminated,  and  only  the  coherent  displacement  produced  by  the 
driver  Is  measured.  A traveling  stage  microscope  is  used  to  cali- 
brate the  system  by  unclamplng  the  sample  from  the  base  plate  and 
vibrating  the  sample  as  a rigid  unit.  The  system  has  exceptional 
sensitivity.  Early  experiments  demonstrated  that  a displacement  of 
1 X 10"^  cm  or  l/50th  the  wavelength  of  visible  light  could  be 
easily  resolved.  Therefore,  the  Inherent  sensitivity  of  the  tech- 
nique is  about  two  orders  of  magnitude  higher  than  that  theoreti- 
cally attainable  by  a diffraction-limited  optical  microscope. 


Experiments  have  been  carried  out  on  propellant  samples 
covering  the  frequency  range  from  40  Hz  down  to  the  order  of  0.01 
Hz.  Figure  2 shows  a typical  set  of  small-deformation  dynaTnlc 
modulus  data  obtained  on  a 1/2  In.  x 1/2  in.  x 5 in.  rectangular 
prism  propellant  sample  at  74”F.  The  driving  force  was  0.18  lb 
and  produced  strains  in  the  range  of  1 to  5 x 10~4  in. /in.  The 
measurements  exhibit  small  scatter  and  suggest  that  the  technique 
may  provide  very  useful  Information  on  the  properties  of  visco- 
elastic materials.  1 The  dynamic  modulus  curve  shown  In  Fig.  2 has 
the  general  shape  that  is  expected  for  a polymeric  viscoelastic 
material.  Analysis  of  curves  of  this  type  can  be  used  to  charac- 
terize the  mechanical  properties  of  these  materials. 
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Frequency  (Hz) 

Fig.  2 Small-Deformation  Dynamic  Modulus  Measurements  on  a Solid 
Propellant 


Principal  Investigators;  S.  N.  Foner  and  B.  H.  Nall.  Dr.  Foner 
Is  Supervisor  of  the  Electronic  Physics  Group  of  the  Re- 
search Center,  and  Mr.  Nall  Is  a senior  engineer  In  the 
Electronic  Physics  Group. 
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CHEMICAL  PHYSICS 

The.  objective  o^  the  ChemicaJL  Phy6ic&  pha&e  oi  the  JUSV 
p/iOQfum  ii  to  cojuiy  out  KcbeoAch  in  boAdentine  (uveu  betioeen 
phy&icA  and  chemUtAjy  appJvopAiate  to  the  tong-nange  inWve&t6  o£ 
the  labofuvtohy. 

The  Chemical  Physics  Group  has  had  a long-term  Interest 
In  studying  the  basic  Interactions  between  atoms  and  molecules, 
and  In  the  highly  labile  molecular  fragments  known  as  free  radi- 
cals, all  of  which  are  Intimately  Involved  In  gas-phase  chemical 
reactions.  These  studies  supported  Laboratory  programs  directed 
toward  high-speed  propulsion  systems  and  thus  emphasized  combus- 
tion processes,  reacting  supersonic  flows,  Ignition,  etc.  The 
work  gave  the  Laboratory  a worldwide  reputation  in  this  field. 

In  more  recent  years,  research  emphasis  has  shifted 
toward  problems  of  atmospheric  chemistry,  aeronony,  and  the  per- 
turbation of  air  and  water  by  various  human  activities.  Resuits 
of  precise  chemical  kinetic  measurements  carried  out  at  APL  by 
Dr.  A.  A.  Westenberg  and  his  collaborators  have  had  considerable 
Impact  on  our  knowledge  of  atmospheric  behavior  and  Its  prediction. 
A continuing  program  In  acoustic  leak  detection  for  gas  distribu- 
tion systems,  funded  by  an  outside  nonprofit  agency,  was  a direct 
outgrowth  of  fundamental  research  In  the  mechanism  of  Intermolecu- 
lar  energy  transfer  Initiated  by  Dr.  J.  G.  Parker.  During  the 
past  year,  another  aspect  of  thxs  general  field,  l.e.,  the  Inves- 
tigation of  the  effects  of  laser-excited  oxygen  molecules  on  bio- 
logical organisms  In  water,  has  attracted  wide  attention  and  Inter- 
est. It  Is  also  significant  that  the  stature  of  Dr.  L.  Monchlck 
was  recognized  by  his  appointment  as  William  S.  Parsons  Visiting 
Professor  in  the  Chemistry  Department  of  The  Johns  Hopkins  Univer- 
sity during  the  year  1975-76. 

Current  emphasis  Is  on  areas  of  atmospheric,  laser,  and 
pollution  chemistry.  Projects  Include  the  measurement  of  reaction 
rates  between  atoms,  free  radicals,  and  molecules,  rates  of  molecu- 
lar energy  transfer,  and  studies  of  molecular  collision  processes. 
All  of  these  processes  are  fundamentally  Involved  In  various  prob- 
lems connected  with  stratospheric  flight,  laser  technology,  sound 
propagation,  and  biological  systems  of  significance  to  the  Depart- 
ment of  Defense.  Results  are  described  In  detail  In  five  papers 
that  are  presently  being  prepared  or  have  been  accepted  for  publi- 
cation. 


KINETICS  OF  GAS-PHASE  REACTIONS 

A nm  ^Uuh  photoly^i^-Aesonance  ^tuoAcdcenae  appanatui  ^ok 
atom-molecute  neAction  note  meoAuAmenti  fuu  been  buiZt  and  tested. 
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The  chemical  kinetics  research  program  emphasizes  the 
study  of  elementary  reaction  rates  Involving  atoms  and  free  radi- 
cals under  precisely  controlled  experimental  conditions.  Such 
reactions  are  basic  to  all  technologically  Important  chemical 
changes  occurring  In  gases. 

As  part  of  the  continuing  effort  to  maintain  a position 
at  the  forefront  of  activity  In  this  field,  the  experimental  tech- 
niques employed  at  the  Laboratory  for  such  studies  underwent  a 
pronounced  change  during  the  past  year.  Perhaps  the  most  sensi- 
tive method  now  available  for  measuring  the  concentration  of  atoms 
(and  a few  diatomic  radicals)  Is  that  of  resonance  fluorescence. 

In  this  method,  the  atoms  are  caused  to  undergo  a transition  to 
an  excited  state  by  resonance  radiation  from  an  external  lamp  con- 
taining atoms  of  the  same  kind.  Subsequent  fluorescence  (In  the 
vacuum  ultraviolet)  of  these  excited  atoms  Is  measured  at  right 
angles  to  the  lamp  by  a suitable  photomultiplier.  The  sensitivity 
of  the  approach  comes  from  the  modem  ability  to  monitor  single 
photons  by  digital  counting  techniques.  This  ability  to  measure 
very  low  atom  concentrations  (down  to  10^0  per  cm3)  has  the  Impor- 
tant consequence  that  experimental  conditions  may  be  arranged  to 
eliminate  the  complication  of  secondary  reactions. 

In  one  of  Its  powerful  applications,  the  resonance  fluo- 
rescence detection  technique  Is  coupled  with  flash  photolysis  as 
an  essentially  Instantaneous  atom  source.  A trace  of  a suitable 
parent  molecule  highly  diluted  with  an  Inert  gas  Is  partially  dis- 
sociated by  an  Intense  light  (UV)  flash  (20  to  200  Joules)  to  give 
an  Initial  pulse  of  atoms  In  a collimated  beam  along  the  flash 
path.  Another  reactant  species  Is  also  present  at  a concentration 
much  larger  than  the  atoms  so  that  pseudo-first-order  reaction  of 
the  atoms  takes  place.  The  reacting  atoms  are  Illuminated  by  a 
suitable  resonance  lamp  at  right  angles  to  the  flash  column,  and 
the  fluorescing  atoms  are  then  monitored  from  a third  mutually  per- 
pendicular direction  by  a photomultiplier  as  the  atoms  decay.  The 
real-time  decay  of  the  reacting  atoms  Is  measured  by  a multi- 
channel photon-counting  system,  and  from  this  the  reaction  rate 
constant  may  be  determined. 

Activity  during  the  past  year  has  concentrated  heavily  on 
assembling  and  setting  up  the  necessary  apparatus  to  perform  experi- 
ments of  the  type  described  above.  This  Involved  the  design  and 
construction  of  a reaction  chamber  with  suitable  windows,  resonance 
lamps  of  the  flowing  gas-mlcrowave  excitation  type,  a flash  lamp, 
and  triggering  device,  as  well  as  the  acquisition  of  the  necessary 
electronic  equipment  and  the  means  of  Interfacing  directly  to  a 
computer  for  rapid  data  analysis.  The  setup  and  testing  work  has 
largely  been  acconqillshed. 
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Preliminary  trials  with  the  apparatus  are  being  carried 
out  on  the  0 + C2H2  reaction,  an  exaiig>le  that  has  been  thoroughly 
studied  In  this  laboratory  (Ref.  1)  and  elsewhere  by  several  Inde- 
pendent techniques  so  that  It  constitutes  a good  "known"  test  case. 
In  connection  with  the  trials  on  this  reaction,  an  Interesting  UV 
chemiluminescence  was  discovered  as  a minor  reaction  channel. 

Proper  Interpretation  of  the  main  reaction  will  require  Inclusion 
of  this  chemiluminescent  channel,  and  work  along  this  line  Is 
proceeding.  After  this  Initial  shakedown  phase.  It  Is  planned  to 
study  a number  of  reactions  of  Interest  to  atmospheric  and  polymer 
combustion  chemistry. 

Principal  Investigators ; A.  A.  Westenberg  and  N.  deHaas.  Dr. 

Uestenberg  Is  Supervisor  of  the  Chemical  Physics  Group 
of  the  Research  Center,  and  Mr.  deHaas  Is  a senior  physi- 
cist. 
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MOLECULAR  ENERGY  TRANSFER 

UtitoAch  -tA  dUiiJcXtd  touafid  an  undeAitanding  0^ 
tmchayium  mote.culaA  emAgy  jOuuu^za.  ^ ccIUaIom  geu  mole- 
cutu.  Typu  0^  tMJigu  involved  Include,  rotational,  vibrational, 
and  elect^nic.  PoiiiJble  trammer.  mode&  corniAt  vibration 
tranilatcon  ( V~T} , inter.-  and  AJitra-molecular  vibration  vibration 
iV-V),  vibration  -*•  rotation  ■*  tran&lation  (1/-R-T),  electronic  ■* 
tAon&lation  lE-T),  and  electronic  vibration  (E-V).  A new  area 
0(J  research  that  has  emerged  involves  the  trammer  molecular 
electronic  energy  to  microbiological  Aj/AtemA. 

Effort  over  the  past  year  has  been  mainly  In  two  areas: 
analysis  and  Interpretation  of  data  obtained  previously  on  the 
effect  of  laser-excited  dissolved  oxygen  on  collform  counts  of 
natural  water  samples,  and  an  Investigation  of  fluorescence  of 
laser-excited  gaseous  oxygen  at  wavelengths  In  the  neighborhood  of 
1.27  u. 


The  main  conclusions  obtained  from  this  analysis  are  that: 

(a)  substantial  reduction  In  collform  levels  may  be  Induced,  the 
magnitude  of  which  exhibits  a fundamental  dependence  on  dissolved 
oxygen  concentration,  laser  Intensity,  and  Irradiation  time; 

(b)  reduction  of  collform  levels  by  oxygen  pressure  alone  Is  ob- 
served but  the  effect  Is,  on  the  average,  small  compared  to  that 
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observed  when  the  sample  is  simultaneously  Irradiated;  (c)  thermal 
effects  accompanying  Irradiation  are  negligible;  (d)  the  inactiva- 
tion rate  is  inhibited  for  oxygen  pressure  in  excess  of  10  atm; 
and  (e)  protein  and  nucleic  acid  levels  determined  from  ultraviolet 
absorption  measurements  for  a water  sample  siibjected  to  combined 
irradiation  and  oxygcm  pressurization  are  considerably  greater  than 
corresponding  values  obtained  for  an  unprocessed  sample • indicating 
the  mode  of  inactivation  of  coliform  to  be  cell  wall  destruction. 

Consideration  of  results  (a)  to  (c)  in  conjunction  with 
the  established  experimental  fact  that  bacteria  are  unaffected  by 
radiation  alone  for  wavelengths  large  compared  to  260  nm  (where 
nucleic  acids  absorb  strongly  and  genetic  damage  occurs)  implies 
strongly  that  laser-excited  singlet  molecular  oxygen  02(^Ag)  is 
the  single  cause  of  bacterial  destruction,  the  role  of  the^laser 
being  solely  to  produce  selective  excitation  of  oxygen  from  the 
ground  electronic  state. 

A theoretical  treatment  of  the  effect  of  singlet  molecu- 
lar oxygen  on  microorganisms  has  been  presented  in  Ref.  1 in 
which  the  process  has  been  modeled  as  a diffusion-controlled  reac- 
tion. From  this  study  it  is  evident  that  one  of  the  key  factors 
in  determining  the  efficacy  of  02(^6^}  in  killing  bacteria  is  the 
collislonal  deactivation  time.  Experimental  investigation  (Ref.  2) 
has  shown  that  this  collislonal  lifetime  depends  strongly  on  the 
solvent,  varying  from  2 ys  for  distilled  water  to  several  hundred 
microseconds  for  the  freons.  Calculations  of  the  kill  probability 
carried  out  in  Ref.  1 were  for  distilled  water,  thus  ignoring 
quenching  due  to  dissolved  impurities.  In  most  cases,  the  effect 
of  impurities  would  be  expected  to  be  small  since  water  is  a rela- 
tively efficient  quencher,  although  on  an  absolute  basis  quenching 
still  involves  something  like  10®  collisions  of  02(^dg)  with  water. 
However,  it  is  an  experimental  fact  that  certain  compounds  in  small 
concentration  can  produce  a rather  large  effect.  A particular  case 
is  that  of  the  aromatic  hydrocarbons  for  which  it  has  been  found 
(Ref.  3)  that  the  most  efficient  quenchers,  interestingly  enough, 
are  also  high  in  carcinogenic  activity.  Measurement  of  the  colli- 
slonal lifetime  of  dissolved  oxygen  for  natural  water  samples  would 
thus  give  an  indication  of  the  presence  of  trace  amounts  of  effi- 
cient quenchers,  the  exact  nature  of  which  would  subsequently  be 
determined  from  a chemical  analysis. 

Consideration  of  the  fundamental  factors  involved  indl 
cates  that  lifetimes  of  singlet  molecular  oxygen  may  be  determined 
by  monitoring  the  fluorescence  at  1.27  y subsequent  to  excitation 
at  1.064  y by  means  of  a Q-swltched  Nd:YAG  laser.  This  irradiation 
excites  the  oxygen  to  the  first  vibrational  level  of  the  state, 
l.e.,  02(^A-)(v'  ■ 1).  Since  water  is  known  to  be  a very  efficient 
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of  vibration  in  oxygen  (Ref.  A),  vibrational  deactivation  rapidly 
ensues,  l.e.. 


■ 1)  02(^Ag)(v'  • 0)  + energy.  (1) 


The  most  probsble  following  transition  is  a colllsional  deactiva- 
tion. 


O^C^AgXv'  - 0)  <*■  02(^e")(v  - 0)  + energy  , 


(2) 


corresponding  to  a transition  to  the  ground  electronic  state 

In  addition  to  the  transition  2,  a radiative  deactiva- 
tion 


0,(\)(v'  - 0)  -*■  0,(V)  + hu 

2 g 2 g 


(3) 


may  also  occur  at  a wavelength  X • 1.27  y.  This  fluorescence  is 
thus  spectrally  separated  from  the  exciting  wavelength,  permitting 
isolation  by  means  of  appropriate  optical  filtering. 

To  provide  an  understanding  of  the  fundamental  processes 
Involved  in  the  colllsional  deactivation  of  02(^Ag),  experimental 
measurements  of  the  fluorescent  decay  in  high-pressure  gaseous 
oxygen  have  been  carried  out  at  pressures  in  the  range  of  35  to 
96  atm.  These  measurements  indicate  the  onset  of  the  fluorescence 
to  be  immediate,  appearing  within  10  ys  after  irradiation  (pulse 
duration  is  20  ns).  An  explanation  of  this  result  requires  that 
either  the  radiative  transition 


■ 1)  02(V)(v  - 1)  + hv^  • 1.28  y)  (A) 


tdkes  place  with  the  same  probability  as 

2'  g''’  ' ''2'  “g 


02(\)(v'  - 0)  -*■  0,(V)(v  - 0)  + hv-  (X.  - 1.27  y)  , (5) 
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which  Is  reasonable  since  the  Franck-Condon  factors  for  the  two 
processes  are  essentially  equal,  or  that  the  vibrational  deactiva- 
tion 


0 (\)(v'  - 1)  0,(\)(v'  - 0) 

2 g 2 e 


(6) 
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Is  much  more  rapid  than  would  be  expected  for  the  vibration  trans 
latlon  (V-T)  process.  Alternative  paths  for  vibrational  deactiva- 
tion are  presented  by  the  nearly  resonant  exchange  processes 

0 (h  )(v'  - 1)  + 02(V)(v  - 0)  - 0 (\)(v'  - 0) 

+ 02(^z")(v  - 1)  , (7) 

l.e. , a vibrational  exchange,  or 

0 (^A  )(v'  - 1)  + 0-(^zj(v  - 0)  -*>  0,(V)(v  - 1) 

2 g 2 g 2 g 

+ 02(^Ag)(v'  - 0)  , (8) 


an  electronic  exchange.  Experimental  measurements  (Ref.  5)  Indi- 
cate that  for  02 (^Ag)  molecules  In  the  v'  ■ 0 level,  resonant  elec- 
tronic exchange  Is  an  extremely  rapid  process  requiring  on  the 
order  of  1(  collisions.  Whether  or  not  this  Is  true  for  vlbra- 
tlonally  excited  species  Is  not  clear. 

Experimental  values  of  the  time  constant  obtained  from 
analysis  of  the  time  rate  of  fluorescence  decay  agree  well  with 
those  obtained  by  other  means.  Indicating  the  deactivation  process 
to  be  controlled  by  binary  collisions.  A further  point  of  Interest 
Is  the  fact  that  the  magnitude  of  the  level  to  which  the  fluores- 
cent signal  rises  Initially  has  been  found  to  depend  on  the  cube 
of  the  pressure.  The  Implication  of  this  Is  that  the  rate  of  spon- 
taneous emission  varies  linearly  with  pressure  In  agreement  with 
results  reported  by  Badger  et  al.  (Ref.  6). 

Principal  Investigator;  Dr.  J.  G.  Parker  Is  a senior  physicist  In 

the  Chemical  Physics  Group. 
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KINETIC  AND  COLLISION  THEORY 

Significant  new  fit&ulti  have  been  obtained  in  the  method- 
ology of  calculating  icatteMng  cnoAi  sections,  in  the  kinetic 
tkeo>iy  of  diffiuion  of  excited  6tatei,  and  in  the  cofUielation  of 
ion  tkanipofit  with  moleculan.  pojumeteHA . 

The  studies  (Refs.  1 and  2)  previously  completed  on  the 
differential  and  gas  transport  properties  of  He  collisions  with  CO 
and  HCl  have  now  been  extended  to  the  examination  of  two  new  popu- 
lar approximate  methods.  In  the  first,  the  equivalent  potential 
(EP)  method,  the  real  anisotropic  potential  is  replaced  by  a 
weighted  average  of  the  potential  with  the  same  transition  selec- 
tion rules  as  the  real  potential;  in  the  second,  the  angular  mo- 
mentum of  the  CO  or  HCl  about  the  axis  connecting  the  center  of 
mass  to  the  He  center  is  constrained  to  be  a constant  of  motion. 
The  second  approximation  (Ref.  3),  the  coupled  states  or  CS  model, 
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works  very  well  In  contrast  to  the  EP  method,  /which  seems  to  have 
thrown  away  too  much  Information.  Therefore,  the  CS  method  Is 
likely  to  be  very  useful  In  collision  studies.  The  usefulness  of 
these  methods  for  spectral  pressure  broadening  Is  also  being 
studied  by  Drs.  Monchlck,  Green,  and  Kourl.  Their  results  are  be- 
ing prepared  for  publication. 

In  preparation  for  a continuation  of  these  studies  to 
collisions  of  two  diatomic  molecules.  It  became  apparent  that  no 
broad  theory  describing  self-diffusion  or  the  relative  diffusion 
of  similar  molecules  In  different  quantum  states  had  ever  been 
developed.  The  troubled  history  of  the  theory  of  spin  diffusion 
showed.  Indeed,  that  It  was  not  a trivial  exercise.  L.  W.  Hunter 
and  L.  Monchlck  have  set  up  a general  theory  that  takes  account  of 
exchange  symmetry  and  embraces  a set  of  phenomena  as  varied  as 
electronic,  vibration,  or  rotation  energy  diffusion,  charge  migra- 
tion, and  nuclear  spin  diffusion.  Phenomenological  transfer  equa- 
tions may  be  set  up,  and  one  may  define  diffusion  coefficients 
that  In  certain  cases  take  on  the  form  of  the  diffusion  coefficients 
usually  found  In  kinetic  theory.  This  work  Is  being  prepared  for 
publication. 

Ion  mobility  Is  also  a diffusion  phenomenon.  The  particu- 
lar case  of  H+,  H-,  and  diffusing  through  helium  was  Investi- 
gated, and  a previous  anomaly  found  In  H^-He  Ion  mobility  studies 
was  traced  to  an  unexpectedly  strong  attraction  due  to  a resonance 
with  the  (H^e)-H  state.  In  fact,  consideration  of  the  potentials 
Inferred  from  Ion  mobility  data  Indicates  that  the  type  of  Inter- 
action changes  uniformly  from  covalent  to  the  van  der  Waals  type 
as  the  collision  partner  of  helium  changes  from  to  H2  to 
This  work  Is  described  In  Ref.  4. 

Principal  Investigators:  L.  Monchlck,  S.  Green,  E.  A.  Mason,  D.  J. 

Kourl,  and  L.  W.  Hunter.  Dr.  Monchlck  Is  a senior  chemist 
In  the  Chemical  Physics  Group  of  the  Research  Center  and 
was  Parsons  Professor  In  the  Chemistry  Department  of  The 
Johns  Hopkins  University  from  1 September  1975  to  1 June 
1976.  Dr.  Green  Is  a Senior  Postdoctoral  Fellow  at 
Columbia  University  and  the  NASA  Institute  for  Space 
Studies,  Dr.  Mason  Is  at  Brown  University,  and  Dr.  Kourl 
Is  at  the  University  of  Houston;  none  of  them  was  funded 
by  this  project.  Dr.  Hunter,  of  the  Fire  Problems  Group, 
also  was  not  funded  by  the  IR&D  program. 
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MICROWAVE  PHYSICS 

The  pAcgAom  oi  the  UicAjouxLve  Phyita  Gfwup  li  dOvected 
towoAd  Ajnpnoved  undeutancUng  ^mdajnmtat  fLetatLonilvipA  between 
the  6tAuctuAe  oi  natten.  and  Jut6  tnteAactconA  with  electAomagnetic 
Aodiation,  which  witZ  guide  iutwie  innovation  in  the  generation 
and  utilization  0(J  electromagnetic  radiation.  The  work  alio  pro- 
vide experimental  and  theoretical  expertise  in  a number  o^  areas 
0(J  spectroscopy,  which  are  used  in  joint  projects  with  other  groups. 

Current  work  emphasizes  three  areas  of  study.  The  first 
comprises  studies  of  highly  conjugated  organic  molecules  whose  In- 
teresting optical,  semlconductlve,  and  photochemical  properties  are 
currently  used  In  dye  lasers,  and  which  may  be  the  basis  for  future 
solid  state  devices.  Nature  employs  these  molecules,  especially 
the  porphyrins,  for  energy  transfer  and  conversion  in  biological 
systems,  and  part  of  our  work  on  porphyrins  has  been  supported  by  a 
grant  from  the  National  Institutes  of  Health. 

Work  has  recently  begun  on  photoacoustic  spectroscopy,  a 
new  and  rapidly  developing  field  of  research,  which  detects  elec- 
tromagnetic radiation  by  the  resultant  heating  of  the  sample  and 
subsequent  development  of  a pressure  wave  in  a gas  in  contact  with 
the  sample.  The  technique  Is  uniquely  suited  to  spectroscopy  of 
highly  absorbing,  poorly  reflecting  samples  and,  furthermore.  It 
can  determine  the  fraction  of  absorbed  electromagnetic  radiation 
that  is  degraded  to  heat.  It  is  believed  that  the  technique  will 
be  very  useful  in  the  Investigation  of  a variety  of  problems  of 
Importance  In  defense  technology  Including  semiconductors,  espe- 
cially In  thin  films,  amorphous  catalysts,  and  surface  corrosion. 

Studies  of  the  structure  and  reaction  mechanisms  of  free 
radicals  are  carried  out  In  collaboration  with  the  Electron  and 
Atomic  Physics  Group.  These  studies  have  made  the  Laboratory  inter- 
nationally recognized  In  this  field,  which  Includes  such  Important 
areas  as  development  of  high-energy  fuels,  synthesis  of  unique  mate- 
rials and,  most  recently,  development  of  a class  of  high-energy  ultra- 
violet lasers  based  on  emission  from  the  Inert  gas  monohalides.  A 
by-product  of  the  work  has  been  major  contributions  to  the  theory  of 
chemically  Induced  magnetic  polarization,  a recent  development  of 
great  Importance  to  the  study  of  free  radicals  and  photochemical  re- 
action mechanisms.  The  relevance  of  the  field  Is  recognized  by  a 
NATO  Advanced  Study  Institute  on  Chemically  Induced  Magnetic  Polari- 
zation scheduled  for  April  1977.  Dr.  F.  J.  Adrian,  head  of  the  Re- 
search Center's  Microwave  Physics  Group,  Is  to  be  one  of  the  Invited 
lecturers  at  this  meeting. 
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These  studies  are  described  In  more  detail  In  the  seven 
publications  and  three  abstracts  authored  or  co-authored  by  group 
members  which  either  appeared  In  print  or  were  accepted  for  publi- 
cation during  FY  76  and  In  three  additional  articles  recently 
submitted  for  publication.  Results  also  were 'described  in  ten 
addresses  at  scientific  meetings  and  academic  symposiums.  The 
work  was  carried  out  by  the  five  senior  scientists  and  one  asso- 
ciate engineer  of  the  Microwave  Physics  Groiq>  of  the  Research  Center. 

PHOTOEXCITED  TRIPLET  MECHANISM  OF  CHEMICALLY  INDUCED 
NUCLEAR  SPIN  POLARIZATION 

A new  mechanism  oi  chenicaUty  Educed  nucZea/i  ^pin  poloKi- 
zcuUon  ICJVNP)  has  been  pAopo^ed,  and  6tAong  expeAunentat  evidence 
advanced  ^oa.  Iti  occuAAence  in  home  phototytic  AeactCon  quinoneh. 
The  mediani&m  beginh  with  etectAon-hpin-heJtective  hingtet-tAiptet 
inteA^yhtem  cAOhAing  oi  a photoexcited  motecule  and  hubhequent  Aje- 
action  the  tAiptet  to  yield  a pouUi  o<  eJtectAon-hpin-potoAized 
Aodicalh.  The  etectAon  poloAization  oi  thce>e  Aodicalh  ii  hubhe- 
quentty  tAonhieAAied  to  ^e  nucleoA.  hpin&  by  electAon-nucleoA.  caoaa 
Aelo-xation. 

Theoretical  research  In  chemically  Induced  magnetic  polari- 
zation continues  at  APL,  In  collaboration  with  experimental  research 
by  Dr.  H.  M.  Vyas  and  Prof.  J.  K.  S.  Wan  at  Queen's  University, 
Kingston,  Ontario,  Canada.  The  experimental  work  Is  not  funded  by 
the  IR&D  program. 

Detailed  knowledge  of  photochemical  reaction  mechanisms 
Is  Important  for  such  problems  as  detection  of  radiation,  utiliza- 
tion of  solar  energy,  photochemical  degradation  of  materials,  and, 
a number  of  other  problems.  However,  the  complexity  and  rapidity 
of  the  elementary  reactions  that  lead  from  the  Initial  absorption 
of  a light  photon  to  the  final  product (s)  makes  the  acquisition  of 
such  knowledge  quite  difficult.  A promising  technique  for  studying 
photochemical  reactions  uses  the  recently  observed  phenomenon  of 
chemically  Induced  magnetic  polarization.  This  Is  the  generic 
name  for  a number  of  processes  whereby  free  radical  reactions  In 
liquids  yield  abnormal  populations  of  the  nuclear  spin  states  of 
the  diamagnetic  products  aiyd  reactants,  and  abnormal  populations 
of  the  electron  s^n  states  of  the  free  radical  Intermediates.  The 
Importance  of  the  phenomenon  Is  that  these  nuclear  and  electron 
spin  polarizations  are  sufficiently  long  lived  to  be  easily  ob- 
served by  conventional  nuclear  magnetic  resonance  (NMR)  and  elec- 
tron spin  resonance  (ESR)  techniques,  yet  they  result  from,  and 
thus  give  Information  about,  very  rapid  Individual  steps  In  the 
overall  reaction  mechanism  that  are  difficult  to  study  directly. 


THE  gOHNS  HOPKINS  UNIVERSITY 

APPLIED  PHYSICS  LABORATORY 

LAUREL  MARYLAND 


A very  liq>ortant  source  of  chemically  Induced  magnetic 
polarization  Is  the  Interplay  between  electron-spin-dependent 
chemical  bonding  Interactions  between  two  radicals  and  the  nuclear- 
spin-dependent  magnetic  Interactions  In  the  Individual  radicals 
(radical  pair  mechanism).  For  some  time,  this  was  believed  to  be 
the  only  polarization  mechanism.  However,  It  was  shown  recently 
that  another  mechanism  known  as  the  photoexclted  triplet  mechan- 
ism was  the  source  of  the  electron  spin  polarization  observed  dur- 
ing photolytlc  reactions  of  many  carbonyl  confounds  (Ref.  1).  In 
this  mechanism,  a photoexclted  molecule  undergoes  a spin-selective 
Intersystem  crossing  to  an  electron-spln-polarlzed  triplet  state, 
which  then  reacts  to  yield  a pair  of  electron-spln-polarlzed  radi- 
cals. Although  the  mechanism  appears  to  operate  only  In  photolytlc 
reactions  of  carbonyl  compounds , these  compounds , especially  the 
ketones  and  qulnones,  play  a very  Important  role  In  synthetic  and 
mechanistic  photochemistry. 

The  question  was  raised  of  whether  nuclear  spin  polariza- 
tion could  be  produced  by  this  triplet  mechanism  condilned  with 
transfer  of  the  electron  spin  polarization  of  the  radicals  to  the 
nuclei  by  the  magnetic  Interactions  between  electrons  and  nuclei 
(cross  relaxation  or  Overhauser  effect)  (Ref.  2).  The  mechanism 
Is  depicted  In  Fig.  1,  where  the  electron  polarization  process  Is 
denoted  by  different  quantum  efficiencies  (Q+  and  Q-)  for  produc- 
tion of  radicals  In  e+  and  e-  electron  spin  states,  and  the  elec- 
tron polarization  Is  transferred  to  the  nuclei  by  the  cross-relaxa- 
tion transitions  Wg  and  W2.  Finally,  the  radicals  react  to  form 
nuclear-spln-polarlzed  diamagnetic  products,  a critical  step 


Fig.  1 Steps  in  the  Photoexcited  Triplet  Mechanism  of  Chemically 
Induced  Nuclear  Spin  Polarization 
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because  It  must  occur  rapidly  (within  approximately  10~S  to 
10~7  s)  before  the  pure  electron  spin  transitions,  V^,  and  pure 
nuclear  spin  transitions,  Wq,  destroy  all  polarizations. 

A class  of  reactions  deemed  very  likely  to  yield  CIDNP 
by  the  photoexclted  triplet  mechanism  Is  the  cyclic  photoreduction 
of  qulnones  by  hydroqulnones  or  other  hydrogen  donors  to  yield 
semlqulnone  radicals  that  ultimately  react  to  regenerate  the 
original  qulnone.  The  process  Is  Important  In  various  photochemi- 
cal processes,  and  a closely  related  reaction  Is  believed  to  be 
Involved  In  photosynthesis.  The  reaction  mechanism  Is  Illustrated 
below  for  the  CIDNP-produclng  photochemical  reaction  of  tetra- 
fluoro  1,  A benzoqulnone  (0  ■ C^H4  • 0 or  FQ,  for  short)  with  the 
corresponding  hydroqulnone  (HO-C5H4-OH  or  FQH2) : 


where  e±  denotes  the  electron  spin  state  of  the  radicals,  and  n± 
denotes  the  nuclear  spin  states  of  the  radicals  and  singlet  mole- 
cules. The  critical  transfer  of  nuclear  spin  polarization  from 
radicals  to  diamagnetic  molecules  is  provided  by  the  rapid  proton 
transfer  reaction  of  Eq.  2. 


It  was  straightforward  to  write  the  rate  equations  for 
the  various  spin  states  of  the  reactant-product  FQ  and  the  radical 
Intermediate  FQH* , including  the  different  quantinn  efficiencies 
for  production  of  radicals  In  different  spin  states  and  the  spin 
transitions  depicted  in  Fig.  1 (Ref.  3).  Solution  of  these  equa- 
tions under  steady  state  conditions,  which  are  reached  almost  Im- 
mediately after  photolysis  is  begun,  gives  the  result 
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1 - Q ) 

"»  ■ - - i * ‘*-<">>'‘2  - (^  4-  Q_  « 


where 


K - 


(W2  - Wq) 


+ Wg  + 2W2)  (W^  + + 2Wq)  - (W^  - W^) 


2 • 


(4) 


(5) 


Here  I Is  the  light  intensity,  k2  is  the  rate  of  the  reaction  of 
Eq.  3,  [FQ]  Is  the  total  fluoroqulnone  concentration,  and  [FQn+l 
and  [FQjj_]  are  Its  concentrations  In  the  two  nuclear  spin  states. 

The  foregoing  equations  show  that  the  polarization  depends 
on  the  relative  magnitudes  of  the  spin  transitions  W2  and  Wq.  In 
the  present  system,  W2  » 6Wq  (Ref.  2);  thus  It  is  predicted  that 
the  polarization  will  be  negative  or  emissive  In  agreement  with  the 
observed  polarization.  Since  the  magnetic  field  dependencies  of 
(Q+“Q-)/(Q++Q-)  (Ref.  1)  and  the  spin  transition  rates  are  known. 

It  Is  possible  to  compute  the  field  dependence  of  the  polarization 
by  this  mechanism.  As  shown  In  Fig.  2,  the  predicted  field. depen- 
dence agrees  well  with  the  experiment;  whereas  the  predicted  field 
dependence  of  CIDNP  by  the  radical  pair  mechanism  for  this  system, 
also  shown  In  Fig.  2,  disagrees  with  experiment  at  low  fields 
(Ref.  3). 


Fig.  2 Field  Dependent  CIDNP  Intensity  (P|^)  of  Tetrafluoro, 
1,4-Benzoquinone  for  Photolysis  of  FQ  in  FQH2,  Benzene 
Solution.  Irradiation  was  performed  in  an  auxiliary  magnet 
in  field  H except  for  the  point  at  14  kG  where  the  sample 
was  irradiated  in  the  spectrometer.  •:  Experimental  points. 

- : CIDNP  calculated  from  the  photoexcited  trivet  mechanism. 

• CIDNP  calculated  from  the  radical  pair  mechanism. 
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Principal  Inves tlgators ; F.  J.  Adrian,  H.  M.  Vyas,  and  J.  K.  S. 
WAn.  Dr.  Adrian  la  Supervisor  of  the  Microwave  Physics 
Group.  Dr.  Vyas  and  Professor  Wan  are  at  Queens  Unlver-  - 
slty , Kingston,  Ontario,  Canada,  and  are  not  funded  by  the 
program. 
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g-TENSOR  AND  SPIN  DOUBLING  CONSTANT  IN  THE  h RADICALS  CN  AND  C2H 

The  eZe-ctAon  magnetic  moment  ten&ou  oi  the  cyanogen  (CN) 
and  ethynyt  {C2H)  nadicati  have  been  deteJunined  by  onaJtyAiA  o\ 
high-Aeiotution  etectAon  Apin  ACAonance  (ESR)  ApectAa  0^  thue 
AxuUcati  in  oAgon  (A/i)  and  kAypton  (Ka)  matAcceA  at  4*K.  The  Ae- 
AuZ^  AuppoAt  a pAedicted  Aetatlon  between  the  magnetic  moment 
and  the  magnetic  ^ietd  pAoduced  by  moteculoA  Aotation  lApin  Cbu- 
bting  AnteAactLon] • The  AeAuttA  oLao  AeAotve  a AeAiouA  diACAepancy 
be^een  the  nitAogen  hypeA^ine  ApUttingA  oji  the  CN  AadicaZ  ob- 
tained ^Aom  itA  ESR  ApectAum  and  ^Aom  itA  intcAAtetZoA  micAowave 
emuAionA. 

A number  of  the  radicals  studied  and  characterized  by  the 
free  radicals  research  program  at  APL  have  recently  been  detected 
in  Interstellar  space  by  radio  astronomers  at  other  laboratories. 

Two  especially  Interesting  examples  are  the  CN  and  C2H  radicals. 
These  species  are  so  reactive  that,  prior  to  the  Interstellar  ob- 
servations (Refs,  land  2),  the  only  information  about  their  magnetic 
fine  and  hyperfine  structure  came  from  ESR  studies  (at  APL)  of  these 
radicals  trapped  In  Inert  gas  matrixes  at  4*K  (Refs.  3 and  4) . Our 
matrix  ESR  data  were  useful  in  establishing  the  Identify  of  these 
radicals  from  their  Interstellar  emissions,  which  correspond  to 
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transitions  from  the  first  excited  rotational  state  to  the  ground 
state.  However,  there  also  were  some  apparent  severe  discrepancies 
between  the  results  of  these  highly  dissimilar  experiments,  particu- 
larly In  regard  to  a predicted  relation  between  the  electron  mag- 
netic moments  of  these  radicals  and  an  Interaction  known  as  the 
spin-doubling  Interaction. 

The  magnetic  moment  of  an  electron  In  a radical  usually 
differs  slightly  from  the  free  spin  value  because  perturbation  of 
the  orbital  motion  of  the  electrons  within  the  molecule  by  the 
external  magnetic  field  results  In  only  a small  orbital  contribu- 
tion to  the  net  moment.  Similarly,  the  perturbation  of  the  orbi- 
tal motion  of  these  electrons  by  molecular  rotation  creates  a 
magnetic  field  whose  Interaction  with  the  electronic  magnetic 
moment  Is  known  as  the  spin-doubling  Interaction  because  It  splits 
each  rotational  line  Into  a doublet.  These  two  effects  are  related 
by  Lannor's  theorem,  which  states  that  under  certain  fairly  general 
conditions  the  effect  of  an  external  magnetic  field,  H,  on  a mag- 
netic moment,  p,  may  be  represented  by  a rotating  coordinate  sys- 
tem, or,  physically,  a rotating  molecule,  at  the  rotation  frequency 
0)  - pH.  If  the  electron  magnetic  moment  Is  written  as  p >•  gBS, 
where  S Is  the  electron  spin,  then  this  relation  Is  (Ref.  5.) 


Y ■ 


(1) 


where  y and  Bq  are  the  spin-doubling  and  rotational  constants; 
gj^  Is  the  electron  g factor  In  a direction  perpendicular  to  the 
molecular  axis  (direction  of  the  rotation  axis);  and  gg  - 2.00232 
and  Is  the  free  spin  g value. 

The  electron  magnetic  moment  values  obtained  from  the  Ini- 
tial ESR  measurements  at  APL  (Refs.  3 and  4)  and  elsewhere  Indicated 
an  apparent  failure  of  Eq.  1 for  CN  and  C2H.  A breakdown  of  Eq.  1 
for  these  molecules  was  a definite  possibility  because  the  approxi- 
mations In  deriving  Eq.  1 via  the  Larmor  theorem  are  most  likely 
to  fall  In  molecules  such  as  CN  and  C2H  where  the  center  of  mass, 
about  which  the  molecule  rotates , Is  substantially  displaced  from 
the  nuclei  about  which  the  electrons  rotate.  However,  it  was 
recognized  that,  befo'z’e  any  definite  conclusions  could  be  reached. 

It  would  be  necessary  to  remeasure  the  g values  with  very  high 
precision.  Also  the  possibility  must  be  considered  that  the  mea- 
sured g values  are  not  the  Isolated  radical  values,  but  are 
changed  by  Interactions  between  the  radical  and  the  host  matrix 
and/or  averaging  of  the  Isolated  radical  values  over  some  rota- 
tional motion  of  the  radicals  In  the  matrix.  These  measurements 


THE  JOHNS  HOPKINS  UNIVERSITY 

APPUED  PHYSICS  LABORATORY 

LAUREL  Maryland 


and  their  analysis,  presented  In  the  remainder  of  this  report,  show 
that  Eq.  1 Is  valid  for  Oi  and  C2H.  This  Is  fortunate  because 
Eq.  1 Is  likely  to  be  useful  for  estimating  the  spin-doubling  con- 
stants of  other  Interstellar  molecules  from  terrestlal  ESR  measure- 
ments. 

In  order  to  maximize  measurement  accuracy,  several  Improve- 
ments were  made  In  the  automatic  freqiiency  control  loop  that  stabi- 
lizes the  microwave  frequency  of  the  ESR  spectrometer.  Also,  the 
proton  magnetometer,  which  measures  the  magnetic  field  strength, 
was  calibrated  using  the  precisely  known  g factor  of  the  hydrogen 
atom  In  Ar  and  Kr  matrices. 

Possible  effects  of  matrix  Interactions  on  the  g factors 
were  studied  by  using  both  Ar  and  Kr  matrices.  The  CN  and  C2H  radi- 
cals were  produced  by  depositing  at  4*K  the  desired  rare  gas  contain- 
ing IX  of  HCN  or  C2H2,  respectively,  and  photolyzlng  with  vacuum 
ultraviolet  light  from  an  H2  discharge  lamp. 

It  was  found  that  matrix  perturbations  did  affect  the  g 
values  of  C2H  but  not  those  of  CN.  The  observed  differences  be- 
tween the  C2H  g values  In  Ar  and  Kr,  coiil>lned  with  the  theory  of 
matrix  shifts  of  g.  Indicated  that  the  Ar  value,  gj^  - 2.00288, 
should  be  close  to  but  slightly  less  than  the  Isolated  radical 
value.  Use  of  this  value  In  Eq.  1 gave  y “ -48.9  MHz,  In  satisfac- 
tory agreement  with  the  observed  value  of  -62.3  MHz  (Ref.  2). 

Estimates  of  the  matrix  shift  of  gj^  for  C2H  using  the  observed  dif- 
ference In  gj^  for  the  Ar  and  Kr  matrices  and  the  observed  matrix 
shifts  of  the  H atom  gave  even  better  agreement:  g,  “ 2.00309 
and  Y - -67.3  MHz.  ”*■ 

The  CN  case  was  more  complex,  even  though  there  were  no 
matrix  shifts  of  g,  because  the  ESR  spectrum  of  this  radical  In 
Ar  at  4*K  was  Inconsistent  with  the  spectrum  of  an  axially  syamet- 
i^lc  radical.  In  this  spectrum,  shown  In  Fig.  1,  let  us  momentarily 
Ignore  the  outer  lines  of  the  triplet  shown  In  Fig.  la,  which  are 
due  to  the  nitrogen  hyperfiae  splitting,  and  concentrate  on  the  ex- 
panded trace  of  the  center  line  shown  in  Fig.  lb.  The  line  has  a 
complex  shape  containing  two  distinct  peaks  at  the  outer  limits  of 
the  line  and  an  Interior  shoulder,  which  features  are  denoted  as 
81 • 83*  and  g2,  respectively.  In  a polycrystalline  matrix  the  line 
represents  a superposition  of  spectra  for  all  possible  orientations 
of  the  radical  with  respect  to  the  external  magnetic  field,  and  the 
distinct  features  correspond  to  those  radicals  that  are  so  oriented 
that  the  magnetic  field  Is  parallel  to  a principal  axis  of  the  elec- 
tron magnetic  moment  or  g factor  tensor.  Since  there  are  three, 
rather  than  two,  distinct  features,  CN  In  Ar  cannot  be  an  axially 
symmetric  system,  but  has  the  three  distinct  g values:  gi- 2.00165, 
g2  ■ 2.00067,  and  g3  ■ 2.00036. 
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The  nonaxlal  synnetxy  Indicated  that  CN  undergoes  a com- 
plex motion  In  the  Ar  matrix  resulting  In  an  observed  nonaxlal 
g tensor  which  Is  the  motional  average  of  the  axially  sysnetrlc 
free  molecule  g tensor.  It  was  possible  to  construct  a model  of 
the  motion  that  gave  g^  ••  2.00028  (Ref.  6).  Use  of  this  value  In 
Eq.  1 gave  y • 234  MHz,  In  excellent  agreement  with  the  observed 
v^ue  of  217  MHz  (Ref.  la). 

Furthermore,  using  the  model  and  the  free  molecule  nitro- 
gen hyperflne  constants  obtained  from  the  Interstellar  microwave 
data  to  compute  the  motlonally  averaged  nitrogen  hyperflne  split- 
ting gave  a predicated  hyperflne  splitting  of  27.9  MHz  for  CN  in 
Ar.  This  value  Is  In  excellent  agreement  with  the  observed  split- 
ting of  28.0  MHz  and  resolves  what.  In  the  absence  of  rotational 
averaging  effects,  had  been  a serious  discrepancy  between  the  hy- 
perflne splitting  In  the  Interstellar  and  matrix-trapped  CN  radi- 
cals. 

Principal  Investigators;  F.  J.  Adrian  and  V.  A.  Bowers.  Dr. 

Adrian  Is  Supervisor  of  the  Microwave  Physics  Group. 

Mr.  Bowers  Is  an  associate  engineer  with  the  Electron 

Physics  Group. 
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ESR  IDENTIFICATION  OF  CHEMICALLY  BOUND  XENON  MONOCHLORIDE 

Ettctfion  4p/6i  Ae^onance  Apect/u>Acop</  hai  ihom  that,  can- 
tAOAy  to  theoAettcaZ  pAvUcUom , chmLcaJUy  bound  KtCL  Xm  ioAmd 
taken  Ct2  t6  photo dUAOciated  in  an  angon  matAix  containing  1%  oi 
xenon. 

Interest  In  the  electronic  structure  and  chemical  bonding 
of  the  rare  gas  monohalldes,  which  Is  generally  high  because  they 
violate  the  principle  that  closed  shell  atoms  do  not  form  compounds, 
has  been  further  stimulated  by  the  discovery  that  emission  from 
the  excited  states  of  these  molecules  can  yield  high-energy  ultra- 
violet laser  action.  In  work  done  at  other  laboratories,  theory 
predicts  that  all  these  molecules  have  nonbonding  ground  states, 
whereas  experiments,  most  notably  electron  spin  resonance  (ESR) 
studies,  have  Indicated  that  XeF  cmd  KrF  have  bound  ground  states. 
Estimates  of  the  bond  length  and  charge  distribution  of  XeF  ob- 
tained by  comparison  of  the  observed  magnetic  constants  of  XeF 
with  those  calculated  from  a semlemplrlcal  wave  function  (details 
are  given  In  the  Atomic  Molecular  and  Electron  Physics  Group’s 
contribution  to  this  report)  are  supportive  of  chemical  bonding  In 
this  molecule. 

It  was  also  suggested  by  the  study  that  XeCl  might  be 
bound,  although  very  weakly.  We  prepared  XeCl  by  matrix  Isolation 
methods  and  observed  by  ESR  (Ref . 1) , In  agreement  with  this  hy- 
pothesis. The  preparation  followed  the  method  of  Ault  and  Andrews 
(Ref.  2)  for  XeF  and  KrF  (deposition  of  an  Ar:Xe:Cl2  ■ 98:1:1  sam- 
ple on  a sapphire  rod  at  A*K  and  photolyzlng  with  ultraviolet  light 
either  during  or  after  deposition).  Except  for  the  weak  sharp 
lines  around  3274  G that  are  due  to  traces  of  radicals  such  as 
ClOO,  the  resulting  ESR  spectrum,  shown  In  Fig.  1,  Is  consistent 
with  expectations  for  the  species  XeCl.  That  Is,  It  Is  typical 
of  a radical  with  an  axially  symmetric  but  highly  anisotropic  elec- 
tron magnetic  moment  randomly  oriented  In  a polycrystalllne  matrix. 
The  regions  denoted  as  g^  and  g,  correspond  to  radicals  oriented 
parallel  and  perpendicular  to  the  magnetic  field.  The  g values 
are  gy  ■ 1.962  and  gj^  • 2.303,  where  PbS'S  Is  the  electronic  mag- 
netic moment  tensor.  The  g shifts,  iTeT,  4g  - g - gg,  where 
ge  “ 2.0023  Is  the  free  spin  g value,  are  similar  to  but  larger 
than  those  of  XeF,  This  Is  the  expected  effect  of  the  Increased 
halogen  spln-orblt  Interaction  or  the  decreased  chemical  bonding 
on  going  from  XeF  to  XeCl. 

As  Indicated  In  Fig.  la,  the  parallel  region  has  resolved 
hyperflne  structure  (hfs).  The  four  strongest  lines,  associated 
with  the  53%  abundant,  I « 0,  Xe  Isotopes  (132xe,  ^^^Xe,  etc.),  are 
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Fig.  1a  ESR  Spectrum  of  the  Photolysis  Products  of  an  AR:Xe:Cl2  ■ 98:1 :1.Sample  at  4.2° 
K--  - ; • The  sharp  weak  lines  in  the  region  denoted  by  R are  traces  of  radical 

impurities.  H*  denotes  the  resonant  field  of  a free  electron  spin.  Computer  spectrum 
in  the  perpendicular  region  for  the  parameters  given  in  the  text: 
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a Cl  hfs  quartet  [ |^||(^^Cl)/h|  - 288  MHz].  The  weak  highest  field 
line  Is  due  to  hfs  splitting  of  the  high  field  member  of  the  Cl 
qixartet  by  the  26%  abundant,  I * 1/2,  Isotope  [ 1 A||(129xe) / 

h|  > 582  MHz].  This  assignment  Is  substantiated  by  an  expanded 
trace  of  the  three  highest  field  lines,  shown  In  Fig.  lb.  The  two 
highest  field  lines  In  Fig.  lb  have  structure  caused  by  hfs  split- 
tings from  both  the  75%  abundant  j^d  25%  abundant  37ci  which 

proves  both  these  lines  are  |Mci(  ■ 3/2  hfs  lines,  and  the  rela- 
tive Intensities  of  these  lines  are  consistent  with  assignment  of 
the  highest  field  line  as  part  of  a ^^^Xe  doublet. 

No  structure  Is  discernible  In  the  perpendicular  region 
of  the  spectrum;  however,  trial  and  error  comparison  of  observed 
and  conq>uted  line  shapes  In  this  region  have  the  following  esti- 
mates of  the  perpendicular  hfs  constants:  Aj^(35ci)/h  *“0; 

I Aj^(129xe/h)  I *“  280  MHz;  and  a Lorentzlan  Intrinsic  line  shape 
having  a width  of  32  G between  maximum  and  minimum  slope  points. 

As  shown  In  Fig.  lb,  this  assignment  gave  good  agreement  between 
the  observed  and  computed  lines;  nonetheless,  these  values  are 
very  approximate  because  they  are  strongly  dependent  on  the  In- 
trinsic line  shape,  which  cannot  be  accurately  determined  without 
detailed  knowledge  of  the  broadening  mechanism. 


The  Xe  hfs  splittings  are  much  smaller  In  XeCl  thpn  In 
XeF  (Ref.  1).  This  Is  consistent  with  the  expected  weaker  bonding 
and  a correspondingly  smaller  transfer  of  unpaired  electron  den- 
sity from  the  halogen  to  Xe  in  XeCl  as  compared  with  XeF. 


The  method  of  preparation  condilned  with  the  hfs  data 
proves  the  observed  species  Is  XeCl.  The  Xe  hfs  argues  strongly 
for  chemical  bonding  In  XeCl,  which  bonding  may  be  defined  roughly 


as  nonzero  e In  the  XeCl  wave  function: 


♦x.ci  ■ "1 


e2\)) 


(Xe...Cl)  + ci|)(Xe  ...Cl  )].  For  e = 0,  the  Xe  hfs  Is  due  solely  to 
orthogonality-dictated  admixture  of  Xe,  5s,  and  5pz  orbitals  Into 
the  Cl  3pz  unpaired  electron  orbital.  Calculation  shows  that  even 
at  separation  R ■ 0.32  nm,  which  Is  considerably  less  than  R ■ 0.42 
nm  estimated  from  the  nearest  true  van  der  Waals  molecule  ArXe,  sim- 
ple orthogonallzatlon  cannot  account  for  the  observed  Xe  hfs.  A 
more  detailed  argument  (Ref.  1)  shows  that  the  observed  perpendicu- 
lar g shift  (Agj^)  also  requires  chemical  bonding  In  XeCl. 


Principal  Investigators:  F.  J.  Adrian  and  V.  A.  Bowers.  Dr.  Adrian 
Is  Supervisor  of  the  Microwave  Physics  Group.  Mr.  Bowers 
Is  an  engineering  associate  In  the  Electron  Physics  Group. 
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SPECTROSCOPIC  STUDIES  OF  ELECTRON  DWOR-ACCEPTOR  MOLECULES 

ECzctnan  Apin  AeAononce  (ESR)  o<  potycfufitatUm  and  6ln- 
gte.  cAyitat  icmplsA  oi  Viiphenyttne.  doped  uUth  coppeA  poApfun  have 
been  obtained.  It  Ahown  that  the  coppeA  poaphin  moZecuCe6 
occupy  substitutional  sites  in  this  host.  The  in^oAmation  should 
be  useful  in  the  inteApfietation  o^  the  polaAization  choAacteAis- 
tics  0^  the  optical  spectaa  o^  this  and  similoA  matenials. 

Extensive  studies  have  been  made  of  highly  conjugated 
organic  molecules  because  of  their  optical,  semlconductlve,  photo- 
conductive,  and  photochemical  properties.  Work  at  APL  has  cen- 
tered around  the  class  of  porphyrin  molecules.  These  are  good 
model  compounds  for  studying  the  relationship  between  structure 
and  function  of  such  compounds,  and  are  also  Important  components 
of  biological  energy  conversion  and  transport  systems.  Many  of 
the  techniques  being  used  to  study  these  molecules  are  also  ap- 
plicable to  other  organics  such  as  dye  laser  molecules  and  the 
more  recently  synthesized  TCNQ  complexes. 

Hlgh-resolutlon  sharp-line  optical  spectra  of  free  base 
and  various  metal  complexes  of  porphln,  the  parent  coiiq>ound  of  all 
porphyrins,  have  been  recently  obtained  at  APL  (Refs.  1 and  2). 

The  spectra  were  obtained  by  Incorporating  small  amounts  of  the 
porphln  molecules  Into  the  organic  single  crystal  host,  trlpheny- 
lene.  The  use  of  a periodic  lattice  greatly  reduces  Inhomogeneous 
line  broadening  mechanisms,  and  working  at  liquid  helium  tempera- 
ture (4.2*K)  reduces  thermal  broadening.  The  technique  not  only 
gives  much  better  resolution,  but  also  allows  for  obtaining  polar- 
ized optical  spectra.  However,  proper  Interpretation  of  the  opti- 
cal spectra  depends  on  the  number  of  crystallographic  sites  occu- 
pied by  the  porphln  molecules  and  the  orientation  of  the  molecules 
within  these  sites.  ESR  spectroscopy  can  yield  this  and  other  de- 
tailed Information  about  the  local  environment  of  paramagnetic 
substituents  In  crystals.  Therefore  It  was  applied  to  the  crystal- 
lographic site  problem  for  trlphenylene  doped  with  copper  porphln, 
a system  that  should  be  representative  of  the  porphln-doped  trl- 
phenylenes. 
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The  ESR  spectra  of  Cu^'*’  can  be  characterized  by  a g-factor 
or  electron  magnetic  moment  and  by  the  magnetic  Interaction  between 
the  electron  and  the  copper  nucleus,  described  by  the  hyperflne 
coupling  constant  A.  The  result  was  a splitting  of  the  ESR  line 
Into  four  hyperflne  lines.  There  Is  also  an  Interaction,  Aj^,  be- 
tween the  electron  and  the  nuclei  of  the  four  nearest  neighbor 
nitrogen  atoms  surrounding  the  Cu^'*’  Ion.  Since  the  magnetic  elec- 
tron Is  mainly  localized  on  the  Cu  Ion,  the  Interaction  Is  called 
a superhyperflne  (shf)  Interaction.  If  all  the  nitrogens  are 
equivalent,  one  would  expect  each  of  the  four  Cu  hyperflne  lines 
to  be  split  Into  nine  shf  components.  Trlpheii:  '.ene  has  four  mole- 
cules per  unit  cell,  and  ESR  spectra  from  CuP  In  each  nonequivalent 
site  will  be  observed.  One  sees  that.  In  general,  the  spectrum 
will  be  extremely  complex.  At  the  expense  of  the  orientational  In- 
formation, the  multiple  site  problem  can  be  eliminated  by  crushing 
single  crystals  and  obtaining  a so-called  powder  ESR  spectrum. 

The  principal  components  of  the  g.  A,  and  A^^  tensors  can  be  deter- 
mined from  one  pcwder  spectrum.  Once  these  values  are  known,  the 
number  of  porphln  sites  and  the  orientation  of  the  molecules  In 
these  sites  can  be  determined  from  the  dependence  of  the  single 
crystal  spectra  on  magnetic  field  orientation.  An  ESR  powder 
spectrum  obtained  at  16.449  GHz  Is  shown  In  Fig.  1.  Three  parallel 
components  are  resolved  with  the  fourth  just  masked  by  the  perpen- 
dicular spectrum.  Each  parallel  hyperflne  line  Is  further  split 
by  the  shf  Interaction  Into  lines  separated  by  14.2  G.  In  addition, 
there  are  lines  that  are  approximately  one-half  as  Intense  be- 
tween these  shf  lines.  These  are  either  due  to  a magnetically  In- 
equlvalent  site  or  to  the  resolution  of  lines  from  the  ^^Cu  Isotope. 
On  the  basis  of  their  expected  Intensity  ratio  of  approximately  two 
to  one  and  the  fact  that  the  weaker  lines  appear  half-way  between 
the  stronger  ones  at  two  different  microwave  frequencies,  these 
weaker  lines  are  assigned  to  ^^Cu. 

The  perpendicular  portion  of  the  powder  spectrum  Is  more 
complex,  caused  not  only  by  the  shf  structure  but  also  by  the  fact 
that  there  Is  a large  anisotropy  In  the  nuclear  hyperflne  Interac- 
tion. Although  the  Isotope  splittings  In  the  perpendicular  region 
were  not  observed  at  room  temperature,  spectra  taken  at  low  tem- 
peratures did  resolve  structure  attributed  to 


Analyses  of  the  data  showed  the  tensors  to  be  axially 
symmetric.  The  resulting  principal  components  are 


g|l  - 2.190  A^(Cu) 

g^  - 2.043  A^(Cu) 


196  G A (N)  - 19.8  G 

r 

33  G A (N)  - 14.2  G 
X 
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Fig.  1 ESR  Powder  Spectrum  of  CuP  in  Triphenylene  at  16.449  GHz.  The 
magnetic  field  is  increasing  to  the  right. 
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A rotational  study  of  the  single  crystal  samples  showed 
that  the  normals  to  the  four  porphln  planes  make  equal  angles  of 
51*  with  the  c-axls.  With  the  magnetic  field  along  one  of  these 
normals,  one  obtains  gy,  AyCCu),  and  A, (N).  Weaker  lines  attri- 
buted to  ^^Cu  were  also  observed  In  this  orientation. 

There  are  several  orientations  of  the  crystal  for  which 
the  magnetic  field  Is  perpendicular  to  at  least  one  of  the  nor- 
mals to  the  porphln  planes.  It  was  not  possible  to  lAolate  com- 
pletely the  perpendicular  spectrum  of  one  site  from  overlapping 
lines  caused  by  other  sites.  Further,  when  AyCN)  4 Aj^(N),  there 
Is  an  orientation  dependence  of  the  shf  splitting  and  more  than 
nine  lines  for  each  Cu  hf  line  may  be  observed.  These  considera- 
tions made  the  analysis  of  tne  perpendicular  spectrum  difficult 
but  the  spln-Hamlltcnlan  parameters  obtained  were  In  good  agree- 
ment with  the  powder  data.  The  single  crystal  data  are  consis- 
tent with  CuF  molecules  In  substitutional  trlphenylene  sites. 

Results  of  this  work  were  reported  at  a recent  American 
Physical  Society  meeting  (Ref.  3)  and  submitted  for  publication. 
Reports  of  single  site  optical  spectra  of  zinc  porphln  have  also 
been  given  (Refs.  4 and  5). 

Principal  Investigators;  J.  Bohandy  and  B.  F.  Kim.  Drs.  Bohandy 

and  Kim  are  senior  physicists  of  the  Microwave  Physics 

Group  of  the  Research  Center. 
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PHOTOACOUSTIC  SPECTROSCOPY  OF  LUMINESCENT  MATERIALS 

PhotoacouAtic  SpecZfioicjopy  (PAS)  oi  iotiih  h<u  bzen  uizd 
to  deteAmuie  the  noMacUative  tfuuuUXAjon  note,  net  eneAgy  Zoa6 
duAing  excitation,  and  UieXtme.  oi  a meXaatabU  UoeJi  in.  an  opti- 
cally puirpcd  phoiphoK.  PAS  li  unique,  in.  that  the  meMcuiement  doea 
not  KexuuAe.  the  metoitaUe  level  itseli  to  be  fiadiaXive.  Hence 
mea^unementA  on  t/wp  liietim  and  energy  depth  oi  a tkap  in  many 
pKimKy  photochemical  ayhtemi,  including  photoiyiUhetic  Ayitem, 
oJie  poauhle  in  principle. 

Optical  absorption  spectroscopy  remains  an  Important  tool 
for  determining  the  energy  level  structure  and  population  dynamics 
In  solids  and  liquids.  This  knowledge  has  provided  the  basis  for 
many  of  the  recent  developments  In  the  science  and  technology  of 
materials.  Recently,  PAS  has  emerged  as  a new  form  of  optical 
absorption  spectroscopy  that  offers  certain  unique  advantages 
over  current  methods,  especially  In  extending  the  range  of  samples 
that  can  be  studied  optically.  Using  PAS  methods,  absorption 
spectra  may  be  obtained  from  opaque  or  scattering  sanqrles  such 
as  metals,  polycrystalllne  aggregates,  gels,  and  blomaterlals. 

This  aspect  of  PAS  spectroscopy  Is  unique  and  stems  from  the  fact 
that  SpAS.  the  photoacoustic  signal.  Is  associated  with  the  heat 
produced  In  the  sample  by  the  absorbed  light,  and  not  the  light 
transmitted  through  the  sample.  Hence  we  have 


SpAgU)  - KX)  A(X)  H(X) 


(1) 


where  I(X)  Is  the  Intensity  of  the  Incident  light,  A(X)  Is  the 
optical  absorbence,  and  H(X)  Is  the  fraction  of  the  absorbed  light 
converted  to  heat  In  the  sample.  The  use  of  Eq.  1 has  been  justi- 
fied by  detailed  consideration  of  the  physical  and  Instrumental 
aspects  of  PAS  spectroscopy.  Including  the  optical  and  thermal 
properties  of  the  sample  and  the  properties  of  the  PAS  cell  (Ref.  1) . 
Using  Eq.  1,  we  see  that.  If  H(X)  - constant,  SpAs(X)/I(X)  - con- 
stant X A(X),  and  the  PAS  spectrum  Is  equivalent  to  the  optical 
absorption  spectrim. 

w/w  prior  applications  of  PAS  spectroscopy  have  assumed 

HCX)  - constant.  Recently  (Ref.  2),  however.  It  was  pointed  out 
that  many  solids  have  metastable  excited  states  that  may  be  popu- 
lated by  light  absorbed  In  specific  transitions  In  the  solid.  In 
these  cases,  absorbed  light  energy  Is  trapped  as  electronic  energy 
In  excited  states  of  the  absorbing  solid  and  may  be  reemltted  as 
fluorescent  or  phosphorescent  radiation  rather  than  appearing  as 
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photoacoustlcally  detectable  heat.  For  these  cases,  H(X)  ^ con- 
stant. The  correspondence  between  the  PAS  spectrum  and  the  opti- 
cal absorption  spectrum  then  breaks  down  and  the  FAS  spectrum  de- 
pends upon  both  the  optical  absorption  In  the  solid  and  the  energy 
level  position,  and  the  radiative  and  nonradlatlve  lifetimes  of 
the  metastable  level  (Ref.  3). 

FAS  signal  generation  In  these  luminescent  materials  may 
be  understood  by  using  the  energy  level  diagram.  Fig.  1.  The  dia- 
gram Is  appropriate  for  the  ground  and  low-lying  excited  states  of 
many  aromatic  organic  compounds,  organic  dyes,  and  rare  earth  and 
transition  metal  phosphors.  In  Fig.  1,  for  any  pair  of  levels,  1, 
J » Mj  ” Plj  + Vij  Is  the  total  transition  rate  and  Is  composed  of 
a radiative  part  p^j  and  a nonradlatlve  part  Also,  are 

the  pumping  rates  associated  with  optical  absorption.  Since  Sp^s 
Is  associated  with  heating  of  the  sample,  large  FAS  signals  are 


Level  E(cmM 


25  000 


18  000 


14  400  •+ 1 


*^31  ”^31  ■'■*^31 


Fig.  1 Simplified  Energy  Level  Diagram  of  Cr^'*'.  k,  P,  and  P represent 
the  total,  radiative,  and  nonradiative  transition  rates, 
respectively,  f is  the  optical  pumping  rate. 
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associated  with  large  nonradlatlve  rates  The  expression  for 

SpAS  obtained  from  analysis  of  this  dlagram'^ls 

Sp^(X)/I(X)  - + H23  (2) 

where 

"4,  - “u  [v41  ♦ «4  - '2>'‘42  * «4  - ]/'‘44 

“23  ■ “ [«3  - '2><fl3  + ‘■2*14)  + <V2l'‘^l><‘l3 
+ Itj  + l>3lfi4>  > <1  - 

and 

•'l  'V'‘44'  ‘44  ■ '‘41  * ‘‘42  * Ns'  '‘■'''Vl4''-'3'l3>- 


The  expression  predicts  changes  In  both  the  amplitude  and  spec- 
tral shape  of  the  PAS  spectrum  relative  to  the  optical  absorption 
spectrum. 

Equation  2 was  tested  experimentally  for  the  case  of  a 
transition  metal  phosphor  in  which  the  nonradlatlve  transition 
rate  V2i  of  the  metastable  level  could  be  selectively  Increased 
by  concentration  doping.  The  results  appear  In  Fig.  2.  The 
agreement  between  theory  and  experiment  Is  considered  good.  Con- 
versely, from  the  frequency  dependence  of  the  PAS  spectrum  pre- 
dicted by  Eq.  2,  the  values  of  V21  could  have  been  Inferred. 

This  aspect  of  PAS  spectroscopy  provides  a new  capability 
for  measuring  the  lifetime  and  transition  rate  of  photo-produced 
traps  that  are  not  radlatlvely  coupled  to  the  ground  state.  Ex- 
amples Include  "silent"  triplets  In  aromatic  organic  systems  and 
photochemical  systems.  Including  photosynthesis  where  the  Incident 
radiation  energy  Is  converted  in  part  to  a stored  chemical  form. 

Principal  Investigators;  L.  C.  Aamodt  and  J.  C.  Murphy.  Drs. 

Aamodt  and  Murphy  are  senior  physicists  In  the  Microwave 

Physics  Group  of  the  Research  Center. 
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QUANTUM  ELECTRONICS  AND  EXCITATION  MECHANISMS 

Few  A&centc^  dUcoveAlzA  have,  exclt&d  the  identiile 
community  and  opened  new  vl6ta&  ^OK  KeieoAdi  and  development  cu 
hoi  the  loAeA..  Loien.,  etectAo-optla , and  quantum  etectfionlcA  In 
geneAot,  comp>i>ue  an  expanding  tedmotogy  demanding  an  aZe/it  awane- 
ne66  to  OAACAA  ItA  impact  iully.  The  APL  Peieanch  CenteA.  li  quite 
active  la  thl6  ileld  with  Intenuti  spanning  ^Aom  ba&lc  fit&eoAc.h 
to  mititoAy  and  civilian  appllcation6. 

« 

Immediately  following  the  discovery  of  the  laser,  the  Re- 
search Center  at  APL  became  active  In  laser  physics  research  and 
In  exploring  potential  laser  applications  In  the  military  and  medi- 
cal fields.  A representative  example  was  the  development  of  one  of 
the  first  argon  laser  retinal  photocoagulators  for  clinical  use  at 
the  Johns  Hopkins  Medical  Institutes.  In  recent  years  an  active 
Interest  has  developed  In  Infrared  lasers  because  of  their  unlqtie 
applications  In  plasma  physics,  communications,  and  high-resolutlon 
laser  radar.  Stemming  from  this  research  were  two  chemical  laser 
projects  supported  In  part  by  NAVSEA  that  resulted  In  the  first 
demonstration  of  a high-pressure  pulsed  DF-CO2  chemical  laser  and 
a successful  demonstration  of  a relatively  safe-fueled  CW  chemical 
laser  based  on  the  Na-catalyzed  combustion  of  N2O  with  00.  The 
pulsed  chemical  laser  concept  Is  currently  being  extended  to  a 
waveguide  laser  configuration,  while  the  complex  chemistry  of  the 
CW  chemical  laser  Is  under  continued  study.  A novel  chendcal  laser 
concept  using  heterogeneous  chemical  kinetics  has  evolved  that 
could  alleviate  many  of  the  aerothermodynamlc  problems  experienced 
with  conventional  hlgh-power  lasers;  support  for  Its  study  Is  pro- 
vided by  NAVSEA. 

Another  laser  research  project  relates  to  Improving  the 
performance  of  a traverse  electrical  discharge  atmospheric  pres- 
sure (TEA)  CO2  laser  by  the  addition  of  selected  species  having  low 
Ionization  potentials,  a procedure  that  Is  recognized  as  one 
method  to  Inhibit  arcing  and  enhance  plasma  uniformity.  An  under- 
standing of  the  details  of  the  CO2  laser  plasma  chemistry  both  with 
and  without  such  additives  becomes  Important  in  this  problem,  and 
several  diagnostic  approaches  are  being  used  In  Its  resolution. 

This  research  Is  also  supported  In  part  by  NAVSEA. 

In  addition  to  the  laser  studies,  research  In  organic 
conductors  and  photo-assisted  electrolysis  Is  In  progress.  The 
organic  conductor  research  Is  a continuing  effort  in  conjunction 
with  The  Johns  Hopkins  University.  It  has  concentrated  on  the  syn- 
thesis of  new  organic  compounds,  measurements  of  their  physics 
properties,  and  Interpretation  of  the  measurements  with  the  ulti- 
mate goal  of  yielding  an  understanding  of  these  unique  materials. 
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Research  on  photo-aesleted  electrolysis  Is  a new  endeavor. 
It  Is  an  alternate  approach  to  solar  cells  as  a means  of  utilizing 
solar  energy  and  Is  based  on  photo-effects  at  a semiconductor/ 
electrolyte  Interface.  Experiments  have  been  completed  with  a 
pair  of  T102-Pt  electrodes  Immersed  In  various  electrolytes  to  de- 
termine the  effects  of  Illumination  on  current-voltage  characteris- 
tics and  gas  evolution.  A program  has  been  Initiated  to  prepare 
and  evaluate  other  semiconductor  materials. 

Each  of  these  projects  Is  reported  briefly  herein.  Greater 
detail  appears  In  five  publications  that  appeared  this  year  and  two 
additional  reports  that  have  been  submitted  for  publication.  The 
research  Is  being  conducted  by  the  Quantum  Electronics  and  Excita- 
tion Mechanisms  Groups  with  a staff  of  six  senior  scientists,  one 
associate  scientist,  and  two  technicians. 


CHEMICAL  LASERS:  HIGH-PRESSURE  PULSED 
DF  AND  DF-CO2  CHEMICAL  LASERS 

The  exotheAmic  chain  AeacZiom  between  deivteaium  and 
ituoAine  have  been  uAed  to  genefiate  ia&e>i  emU^ton  tn  VF  and  VF- 
CO2  chemicat  mvegtUde  toieu.  Loitng  occum  at  10  vm  tn  stable 
V2-F2’C02-He  mixtuAei  at  p/ieAAuACA  oi  high  as  1 atm  uUth  peak 
powe/L  oi  5 kW  ioA  pulses  with  a duAotion  0^  20  SpectAoJL 
6tudie&  ihcM  CO2  emi&^ton  ^Aom  both  H-bAonch  tine6  neoA  10.2  ym 
and  P-bAonch  tinu  centeAed  at  10.6  m,  in  contAOAt  to  the  com- 
monty  ob^eAved  10.6  pm  emLi.6ion  ^Aom  mo.6t  puJUed  and  CU  CO2  loieJU. 
HornveA,  the  geneAal  ^eatuAeA  ob^eAved  j(Aom  ipectAol  6tudi,eA  oi 
both  VF  and  VF-CO2  ■Ay^tems  indicate  that  the  pumping  o^  the  taseA 
tAomitionA  by  excited  VF  iA  identical  to  that  pAeviouAly  ob- 
ACAved  in  chemicat  Ioacaa  o^  loAge  volume. 

Chemical  lasers  are  particularly  attractive  candidates 
for  high-powered  laser  systems  since  the  principal  energy  source 
Is  a chemical  reaction.  The  DF-CO2  and  DF  chemical  lasers  are 
attractive  for  military  applications  because  the  laser  outputs 
correspond  to  atmospheric  windows.  Supported  In  part  by  NAVSEA, 
the  Research  Center  has  conducted  a continuing  experimental  study 
In  high-pressure  pulsed  DF  and  DF-CO2  chemical  lasers.  The  ini- 
tial study  of  a flash-photolysis-inltlated  DF-CO2  chemical-trans- 
fer laser  operated  at  pressures  to  1 atm  has  led  to  subsequent 
studies  directed  toward  the  more  efficient  Initiation  and  utiliza- 
tion of  the  pump  reaction.  Electrical  Initiation  of  the  D2  + F2 
reaction  was  found  to  require  less  Input  energy  for  Initiation 
than  flashlamp  initiated  systems,  but  laser  output  energy  Is  also 
diminished  (Ref.  1).  During  the  past  year,  our  spectral  studies 
have  Identified  some  of  DF  vlbratlonally-exclted  states  from  which 
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energy  is  transferred  to  CO2.  supporting  the  theory  that  the  high 
rate  of  transfer  of  energy  to  CO2  Involves  AJ  £ 2 In  DF  (Ref.  2). 

In  all  preceding  work,  only  a fraction  of  chemical  energy 
available  In  the  reaction  Is  used  since  the  active  laser  volume 
established  by  the  optical  resonator  Is  substantially  less  than 
the  reactor  volume.  A possible  technique  to  circumvent  the  problem 
Is  by  using  a hollow  dielectric  waveguide  resonator  to  confine  the 
reacting  mixture.  In  our  previous  work,  a 3-mm-dla  quartz  leiser 
tube  with  a volume  of  4 cm^  was  used  with  the  chemical  reactions 
Initiated  by  an  external  flashtube.  It  yielded  laser  output  power 
of  2.5  kW  at  10  pm  pulses  of  20  ps  duration  from  stable  D2-F2“CO-He 
®i*fwe8  (Ref.  3).  Our  more  recent  studies  with  a coaxial  flash- 
tube-lasertube  system  have  yielded  a power  output  more  than  double 
any  previously  observed.  This  represents  a laser  energy  density 
of  more  than  25  J/llter  atm;  by  comparison,  the  larger  chemical 
laser  generated  19  J/llter  atm  based  on  total  gas  volume  and  50 
J/llter  atm  based  on  the  stable-resonator  laser  mode  volume. 

Spectral  studies  show  that  lasing  from  CO2  begins  with 
emission  on  the  P(18) , P(20),  and  P(22)  lines  at  about  equal  Inten- 
sity. We  have  now  shown  that,  within  a few  microseconds,  lasing 
on  the  P(18)  and  P(22)  lines  sharply  diminishes  and  the  P(20)  at 
10.59  pm  becomes  dominant  (Ref.  4).  The  concentration  In  one  line 
Is  presumably  Indicative  of  rotational  equilibrium  being  attained 
with  a maximum  population  In  the  J “ 19  rotational  state  correspond- 
ing to  a rotational  temperature  of  400*K.  Additional  strong  lines 
at  10.247,  10.2335,  and  10.26  pm  are  observed  with  10.26  being  the 
strongest.  These  are  apparently  the  R(20) , R(22) , and  R(18)  lines 
of  the  00*1  to  10*0  vibrational-rotational  transition.  These 
lines  are  associated  with  the  same  energy  levels  as  the  P branch 
lines  observed,  but  with  AJ  £ -1  In  emission.  Observation  of  the 
R-branch  lines  In  a laser  that  does  not  contain  a wavelength  selec- 
tive element  (such  as  a diffraction  grating)  as  part  of  the  reson- 
ator has  not  previously  been  reported  since  the  gain  for  the  R 
branch  Is  usually  less  than  that  for  the  P branch  for  most  values 
of  the  population  ratio  of  the  upper  and  lower  states.  However, 
as  this  ratio  Increases,  the  gains  for  the  two  branches  are  almost 
equalized.  It  Is  possible  that  an  abnormal  rotational  population 
distribution  of  the  100-vlbratlonal  state  Is  responsible  for  the 
unusually  high  relative  gain  of  the  R-branch  lines,  or  the  cause 
may  be  selective  refraction  or  absorption  effects  In  the  reactor 
tube. 

In  spectral  studies  of  lasing  from  DF  with  Its  large  rota- 
tional constant,  rotational  equilibrium  Is  not  obtained,  and  a 
large  number  of  vibrational-rotational  transitions  are  observed. 
Strong  lines  observed  In  the  DF  chemical  waveguide  laser  are 
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listed  in  Table  1.  These  spectral  lines  closely  correspond  to 
those  observed  In  large-volume  DF  systems,  as  contrasted  to  the 
atypical  observations  In  the  DF-CO2  spectra.  Time  resolved  spec* 
tra  show  steady  J shifting  to  higher  P values  as  the  laser 
emission  progresses  corresponding  to  an  Increase  In  rotational 
temperature  from  300*K  (P(4))  to  400*K  (P(9))  and  finally  to 
600*K  (P(ll)). 
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Table  1 


DF  CHEMICAL  WAVEGUIDE  LASER  TRANS ITIOMS  (pm) 


Principal  Investigators;  T.  0.  Poehler  and  R.  Turner.  Dr.  Poehler 
Is  Group  Supervisor  and  Mr.  Turner  Is  a senior  physicist 
of  the  Quantum  Mechanics  Group  of  the  Research  Center. 
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Na  + N,0  -»•  NaO  + N,  + 21.0  kcal/mole 


NaO  + CO  CO,  + Na+  66.2  kcal/mole 


Lasing  occurs  at  10.8  y®  with  N2O  as  the  optically  active  species. 
The  laser  punping  mechanism  Is  believed  to  Involve  reaction  2 • 
by  forming  either  vlbratlonally  excited  CO2  directly  or  electroni- 
cally excited  Na(Na*).  Since  the  vlbratlon-to-vlbration  and 
vlbratlon-to-electronlc  energy  transfer  rates  are  rapid  between 
the  various  species,  any  species  that  is  formed  In  an  excited  state 
will  rapidly  transfer  energy  and  equilibrate  with  the  others.  The 
photon  yield  from  Na*  was  measured  In  reactions  1 and  2 in  order 
to  assess  the  role  of  Na*  In  the  pumping  mechanism  of  the  chemical 
laser. 
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Although  this  yield  Is  rather  low.  It  Is  surprising  that 
any  emission  was  observed  since  reaction  1 Is  not  sufficiently  exo- 
thermic to  provide  the  excitation  to  the  3p  level  of  Ma  (48  kcal/ 
mole).  Thus,  additional  reactions  are  definitely  occurring  and 
two  excitation  mechanisms  were  previously  proposed  to  explain  the 
production  of  Na*  (Refs.  3 and  4). 

When  CO  was  added  to  the  N20-Na  system,  the  chemilumines- 
cence Increased  a hundred-fold.  The  emission  was  measured  as  a 
function  of  the  sodium  concentration  and  the  CO/M2O  ratio.  Taking 
Into  account  the  combustion  efficiency  and  the  chain-length,  the 
photon  yield  was  determined  at  conditions  where  self-absorption 
was  minimal  and  the  rate  of  emission  was  faster  than  the  rate  of 
quenching.  The  photon  yield  was  found  to  be~0.02  without  a strong 
dependence  on  either  the  sodium  concentration  or  the  CO/M2O  ratio. 

The  Na*  photon  yield  required  for  Na*  production  followed 
by  quenching  to  be  the  dominant  laser  punq>lng  mechanism  can  be 
estimated  from  the  known  energy  deposition  Into  the  N2^  upper 
laser  level  (Ref.  2).  If  one  assumes  that  all  of  the  energy  In  Na* 
Is  transferred  to  the  upper  laser  level  of  M2O  (most  favorable 
case) , the  minimum  photon  yield  necessary  to  account  for  laser 
pumping  Is  0.25  ± 0.04.  Since  the  measured  photon  yield  Is  only 

0.02,  the  proposed  pumping  mechanism  Involving  Na*  cannot  solely 
be  responsible  for  the  vibrational  Inversion  In  the  chemical  laser. 
This  Implies  that  either  direct  production  of  vlbrationally  excited 
CO2  Is  favored,  which  then  produces  excited  N2O  via  rapid  vlbratlon- 
to-vlbration  energy  transfer,  or  that  another  (unknown)  reaction  Is 
Involved  In  the  pumping  mechanism.  Definitive  experiments  on  the 
chemical  kinetics  are  necessary  to  determine  the  processes  that 
are  occurring  In  this  chemical  laser. 

Details  on  the  chemiluminescence  measurements  have  been 
documented  and  submitted  for  publication  (Ref.  5). 

Principal  Investigators;  R.  C.  Benson.  Dr.  Benson  Is  a Senior 

Chemist  In  the  Excitation  Mechanisms  Group. 
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INFRARED  LASERS;  ADDITIVES  TO  IMPROVE  CO2  LASER  EFFICIENCY 

The  addition  o^  tow  tontzation-potentcat  gases  to  canbon 
dioxyide  taseu  pnovtdes  a means  0(J  ■incneastng  tke  eZection  density 
and  hopefully  the  eUleieney  the  lasen..  Xenon,  which  has  an 
ionization  potentiat  112.17  eV)  towefi  than  the  dissociation  poten- 
tial oi  CO2  1^3  eV),  and  has  a metastabte  state  at  8.6  eV,  is 
being  studced  as  an  additive  in  a smalt  high-pnessune  CO2  tasen. 
Xenon  has  the  advantage  oven  the  mone  commonly  used  additives, 
such  as  tAipdopyZamine,  that  iX  does  not  cantaminate  the  dischange. 
Thene  one  two  feasible  mechanisms  by  which  xenon  can  be  used  to 
incnease  the  etectnon  density:  one,  photoionization  by  visible 
light  of  metastable  atoms  that  one  pnoduced  in  an  electfiical  dis- 
change;  and  second,  ionization  of  xenon  by  the  collision  of  two 
metastable  atoms. 

An  Important  requirement  In  hlgh-flow  transverse  electrical 
discharge  atmospheric  pressure  (TEA)  CO2  lasers  Is  the  production 
of  a high  electron-ion  pair  density  by  methods  that  do  not  disturb 
the  optical  quality  of  the  laser  medium.  Creation  of  a plasma  of 
proper  electron  density  allows  electron  heating  by  the  main  dis- 
charge at  an  energy  level  where  an  efficient  transfer  of  electron 
energy  to  the  appropriate  excited  molecular  states  can  c^-ur. 

Prior  work  has  been  reported  on  the  enhancement  of  TEA  laser  plasma 
- density  by  the  use  of  low-lonlzatlon-threshold  organic  Inqjurltles 
Ionized  generally  by  spark  discharge  radiation.  Problems  have 
been  found  with  the  limited  photon  mean  free  paths  In  the  laser 
medium,  as  well  as  acoustic  disturbances  in  the  laser  cavity.  A 
program  has  recently  been  Initiated,  with  partial  support  by  NAV- 
SEA,  to  study  alternative  low-lonlzation  species  that  can  be  Ion- 
ized by  more  conventional  means  to  Impro'/e  plasma  properties  of 
the  leser. 

The  experiment  Is  performed  In  a transverse  dlscherge  be- 
tween Rogovsky  shaped  electrodes  (2.2-cm  wide,  43-cm  long,  with  a 
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1.3-cm  gap)  excited  by  a prelonlzatlon  discharge  preceding  the 
main  discharge,  an  arrangement  that  permits  a variety  of  excita- 
tion conditions.  The  discharge  tube  Is  located  within  an  optical 
cavity  so  that  laser  emission  may  be  studied  as  a function  of  addi- 
tive and  excitation  conditions.  The  experiment  Is  also  Instrumented 
to  permit  the  measurement  of:  (a)  xenon  metastable  density  using 
resonant  optical  absorption  along  the  discharge  axis  at  823.1  nm; 

(b)  electron  density,  ng,  and  electron  collision  frequency,  Vgg, 
using  two  frequency  microwave  probes  at  typically  29  and  39  GHz; 
and  (c)  prelonlzatlon  and  excitation  currents.  The  discharge  Is 
nominally  operated  with  helium  at  300  Torr  to  which  2%  xenon  Is 
added  either  separately  or  In  conjunction  with  10%  002.  Two  dif- 
ferent excitation  currents  have  been  used,  a (slow)  180  ns  wide 
pulse  (FWHA)  and  a (fast)  50  ns  wide  pulse. 

With  slow  excitation,  the  maximum  xenon  metastable  popula- 
tion Is  4 X I0l2  cm”3  and  occurs  4.5  ys  after  the  excitation  cur- 
rent. This  Is  later  than  the  time  at  which  the  CO2  10.6  ym  emis- 
sion normally  occurs  and  so  would  require  special  handling  or 
excitation  of  the  xenon  to  be  useful.  However,  a more  serious 
problem  Is  the  effect  of  CO2  and  N2  on  the  quenching  of  the  xenon 
metaatable  population.  If  quenching  rates  are  too  large,  the 
xenon  metastable  population  will  be  destroyed  before  It  can  make 
a significant  contribution  to  the  electron  density.  Preliminary 
results  Indicate  that  the  quenching  cross  section  Is  20  x 10~^^ 
cm2  for  CO2  and  much  less  for  N2.  The  CO2  quenching  cross  section 
Is  large  enough  to  prevent  the  metastable  reaction  from  providing 
a significant  number  of  electrons  at  the  CO2  pressures  normally 
associated  with  laser  operation.  The  effect  of  fast  excitation  on 
the  xenon  metastable  population  has  not  been  measured. 

Because  of  the  high  electron-to-neutral  collision  fre- 
quency, Vgg,  typical  of  high-pressure  discharges,  microwave  trans- 
mission and  Interferometer  measurements  must  be  interpreted  using 
a more  exact  model  than  Is  the  cese  when  the  collision  frequency 
can  be  neglected.  In  the  present  experiment,  the  signal  trans- 
mitted through  the  plasma  and  the  interferometer  output  have  been 
derived  from  an  exact  calculation  of  the  propagation  constant  as  a 
function  of  collision  frequency,  assuming  that  refractive  and  In- 
ternal reflection  effects  ire  negligible.  The  experimental  results, 
at  29  and  39  GHz,  have  been  fitted  to  the  calculated  values  to  ob- 
tain a single  value  of  collision  frequency  from  which  the  electron 
density  can  be  derived  from  both  transmission  and  Interferometer 
measurements.  These  agree  well  in  most  cases.  The  collision  fre- 
quency can  also  be  derived  from  simultaneous  transmission  measure- 
ments at  two  microwave  frequencies. 

The  microwave  data  are  best  fitted  with  a collision  fre- 
quency of  1.2  to  1.5  X IqTT  s“1.  The  electron  density  profiles  as 
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Tho  foot  dtorhsrt*  rooslio  ts  o losfold  tscroMo  Is  sari—  dos> 
•icy  osrr  cbst  okislsod  otik  iko  olos  dUcksrgr.  to  (kto  com  cko 
•ddlcten  of  aosos  rooslco  Is  o todscitos  Is  otociros  dasoltr  of 
cko  clso  of  looor  oslooles.  Tko  docsy  of  otociros  dosolry  Is  oil 
coooo  to  osgesosclol.  ts^leoctsg  ikoc  so  olociroo  oicocliMsf 
procooo  to  iBvolsod.  Tte  roco  eosoiosio  for  iko  oloo  dtsckorsr 
orot  K(C02)  - 3.1  ■ 10^  o“l  osd  X(00|)-Xo)  - 1.4  • 10*  o-li  for 
cko  fool  dtoekorto  ikoy  oroi  X(00}>  - 2.9  • 10*  o-l  osd  t(CD|>Xo) - 
5.4  • 10*  0"^.  Noosoroaonto  of  ckooo  osd  oikor  roco  cosofosco  for 
doosclcoclen  of  Xo*  ky  Isgorfoac  looor  gosoo  osck  or  Oj  osd  CO| 
oro  cko  flroc  soaoorososco  of  oosr  of  Ckooo  porosocoro  sodor  tooor 
dlocborgo  cosdlclaoo. 

to  oil  coooo.  cko  oddicloo  of  rosos  docrooooo  cko  otoctrl- 
csl  osorty  ckoc  cos  ko  dofootcod  Is  cko  go*  ktcosoo  of  cko  forss- 
cloB  of  ores*  sick  cko  rooslc  ckoc  cko  oocpsc  posor  oc  10.4  as  to 
rodocod  kolflw  ckoc  okcolsoklo  oickosc  rosos.  tscrooolsg  cko  opood 
of  cko  csrrosc  osclcoctos  psloo  rooslco  Is  0 sock  sort  olgslflc«ic 
iocroooo  la  oloccroo  dosolcy.  koooror , cko  oloccroo  looo  roco  to 
sloe  groocor  00  ckoc  oc  cko  clso  of  looor  oslooloo  (»  1.5  00  ofcor 
cko  score  of  cko  osclcocloo  corrooc)  cko  oloccroo  dooolcioo  oro 
cooporaklo.  Iklo  agrooo  vlck  cko  focc  ckoc  cko  CX>|  losor  oocpots 
oro  cooporoblo  for  cko  evo  osclcocloo  corrtoco. 

Ceoplosoocory  ce  cko  soooo  oddicloo  looooclgoclooo  lo  0 
boolc  ocody  of  lofrorod  aodooloo  «d  loolog  occloo  to  pots  koll«. 
This  lo  o coocinslog  rosoorck  projocc  sick  oorllor  scodloo  cooooo- 
croclag  on  Icor-prooaoro  llaoor  dlockorgoo  la  kollos  ckoc  goooroto 
loolog  occlos  oc  95  osd  214  us;  cko  rooslco  fros  tkot  rosoorck 
kooo  rocoocly  booo  pokllokod  (kof.  1).  Iko  esponaooto  host  oov 
boon  ostoodod  CO  blgh-proooort  (300  Terr)  troaororoc  dlockorgot 
okoro  losing  occlos  koo  boon  oboorrod  ot  1.435,  1.349,  rod  1.045  tor. 
Only  cko  1.845  lOt  ooiooloo  kod  boon  eksorood  prooloaoly  to  a lov- 
proossn  dlschorgs.  Tko  onorgy  lostlo  roopooolklo  for  cklo  looor 
ofllaoloa  hovo  aoc  yoC  booo  Idootiflod. 
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l.>-a  iBf)  •aclt«4  ¥]r  • rrvioniMttM  AUdM^t*  »f«c*4lM  tW 
Mia  dlaelMrfa,  aa  arraaaaaaac  (hac  p«r«l(«  a vartaijr  of  aactca' 
tloa  caaAieloaa.  Tba  Alaekarta  cab#  la  locacaA  vttAta  aa  ofClcal 
cavity  ao  chat  laaar  aalaalaa  aay  ha  aciMllaA  aa  a faactlaa  of  aAil- 
Clva  aaA  aacltatlaa  caaAlclaaa*  lha  aaM^laMC  la  alao  laacrMoatoA 
to  yandc  Cha  aaaauraaaac  oft  (a>  aaaoa  aotaatahla  Aaaalty  oalag 
raaaaaac  aytlcal  ahaorytlaa  alaac  cha  Atacharaa  aala  at  ttS.l  oo{ 

(b)  alaccroa  Aaoatcy,  o«*  aaA  alaccroa  eolllalaa  fraaoaory* 
ualaf  two  fxaaaaacy  alerooava  yrohaa  at  tyvlcally  2f  aoA  If  CiU| 
aad  (c)  praloalaatloa  aaA  aacttatlaa  carraata.  Tha  AUcharta  la 
noolaaUy  eparataA  with  halltai  at  100  TArr  ca  ohtch  2t  aoaoa  la 
aAAaA  alchar  aaparacaly  or  la  caajaacclaa  with  lOt  00|.  lOa  Aff> 
faraac  aKltatloo  carraata  hava  haao  oaaA,  a (alao)  liO  oa  wlAa 
palaa  (fMU)  m4  a (faac)  SO  oa  wtAa  palaa. 

Vlch  alao  asclcaciao.  cha  oobIom  aaaaa  oataatahla  papala- 
Clea  la  4 ■ 10^2  carl  «aA  eccara  4,5  m aftar  cha  aacltatlaa  car* 
raac.  Thla  la  latar  chao  cha  claa  at  tAilch  tha  00|  I0*A  wo  oola- 
alca  aaraally  eccara  aoA  ao  ooalA  raoalra  apaclal  heoAllag  or 
aacltatlaa  of  cha  aaaoa  to  ha  aaafml.  leooaar,  a oara  oartaoa 
prohlaa  la  cha  affect  af  CD2  aoA  III  oa  cha  faaadilaa  of  tha  aooaa 
oataatahla  pc^atloa.  If  oaeachlap  rataa  ara  too  larfa.  the 
aaaaa  oataatahla  populacloa  otll  ha  AaacreyaA  hafora  It  caa  aaha 
a alpalflcaac  ceacrihotlaa  to  tha  alaccroa  Aoaalcy.  frallaAaatr 
raaitlca  laAlcata  that  cha  ^aaachlat  croaa  aactloa  fa  20  • lO*^^ 
ca^  for  OO2  aoA  aoch  laaa  far  hi.  lha  OO}  ^ooochlat  croaa  oactlao 
la  larga  aaough  to  praaoac  cha  aataacohla  react  loo  ftoo  orovlAf^ 
a algalflcoBC  aiahar  of  alactroaa  at  tha  0I>|  praoaeroo  ooroally 
aaaoclataA  oich  laoar  oparatloa.  Tha  affact  of  faat  aacltatlaa  oa 
cha  aaoan  oataatahla  po^atloa  haa  oat  haao  oaaaefoA. 


faca««a  of  Cha  hlph  alactroo-ta-oaotral  eolllalaa  fra* 
qoaacy*  typical  of  hl|h*preaaera  Alacharfaa,  olcrovaae  traaa* 
alaaloa  oaA  latarfarooatar  aaaaurooeoto  oaot  ha  lotarpretaA  mim% 
m aora  aaact  aoAal  thaa  la  tha  caaa  iA»ao  cha  eolllalaa  freavaocy 
caa  ha  oatlactaA.  la  tha  preaoat  aaparlaMt,  cha  alfaal  traaa* 
oltCaA  throoth  tha  plaooa  aod  tha  latarfaroaatar  ootpot  have  baaa 
Aarlvad  froo  an  aaact  calcolatiaa  of  tha  propatatl«B  ceoatoat  oa  a 
foBctloo  of  colllaloa  fraauaacy,  aeaualag  that  refractive  oaA  la* 
carnal  raflactioo  affacta  are  oapligihla.  The  aaperloeotal  reaelta, 
at  29  and  If  OU,  have  been  fitted  to  tha  calctdated  valoea  to  oh* 
tain  a alnple  value  of  colllaloa  frequency  froa  uhleh  tha  alectcoa 
deaalcy  con  ba  derived  froo  both  traaaalaaloa  and  Interfarooetar 
neeaurcaents.  Thaaa  agree  well  la  aoat  caaaa.  The  coiliaioa  fro* 
quency  con  alao  ba  derived  froo  eloultanaoua  tronaolaoloa  oeMure- 
aenta  at  two  nlcrovave  (requanclea. 

The  aicrainiee  data  are  beat  fitted  with  a colllaloa  fre* 
quoncy  of  1.2  to  l.S  ■ 10^1  a*!.  The  alectroo  denalty  profllaa  aa 
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« liaecioa  of  tla*  Ivw  t»mt  mtS  ttlam  •licttAttM  vick  SO  T»r>  ef 
CO2  and  300  Ttorr  of  hnltwi,  nlonn,  and  wttk  d tdnr  of  mob  a<M»d 
ara  abown  on  fig.  1.  la  tlia  can#  of  tka  alaw  dlaekarfa.  tka  addt' 
clan  of  Sanaa  lacraaaaa  cha  alaetran  danalcy  3 Ca  d cUna  ky  mill* 

alena  kacwaan  aataacakla  la*  tana  aa  in 
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Tka  faac  dtacharga  rasnlca  la  a canfald  larraaaa  la  nastaAia  dan* 
alcy  oaar  chat  okcalaad  trick  cka  alaa  dtackarga.  la  ckta  caaa  cka 
addlcten  af  sanan  raaalca  la  a radaeclaa  la  alaccraa  daaatcy  ac 
cha  claa  af  laaar  aaiaalea.  Ika  dacay  af  alaccraa  daaalty  la  all 
caaaa  la  aspaaanctal.  ladleaclat  ckac  aa  alaccraa  accackaaac 
precaaa  Is  laaalaad.  Ika  rata  caaacaaca  far  cka  a law  diackaraa 
arai  l(C02)  - 3.7  » 10*  a'l  and  KOOjl-la)  - 1.4  • 10*  a*t|  far 
cha  faac  discharta  ckay  arat  KCOy)  ~ 2.f  • 10*  a'l  and  l(00}-la)  - 
3.6  * 10*  s*i.  Haaauraaanca  of  ckaaa  and  atkar  raca  eaaocaaca  far 
daasclcacion  of  la*  by  la^canc  laaar  gaaca  sack  aa  V}  and  OO2 
ara  cha  fine  aaaauraaaaca  af  aooa  of  Ckaaa  p»rm»fr*  taidar  laaar 
dlacharga  ceodlclens. 

la  all  caaaa.  cha  addlcloa  of  sanan  dacraaaaa  tka  alactrl- 
cal  anargy  chac  can  ha  dapoalcad  la  cka  gaa  hacawaa  of  tlw  faraa- 
clea  af  arcs,  wich  cha  raaalc  chac  cka  aaCfat  powar  at  10.6  m la 
ndttcad  halm  chac  ekcalaakla  wickaac  Sanaa,  tacraaslng  cka  apaad 
of  cha  corranc  aaclcacloa  palaa  raaalca  la  a nach  non  atgalflcmc 
lacnasa  la  alaccraa  danalcy.  ■ewaasr.  cka  alaccraa  loaa  raca  la 
also  graacar  ao  chac  ac  cha  claa  of  laaar  aniaaloa  (<•  1.3  wa  afear 
cha  acarc  of  cha  ascicacloa  carranc)  cha  alaccraa  daoaltlaa  ara 
co^parahla.  Ibla  agraaa  wich  cha  face  chac  cka  a>2  Iwar  oucpwta 
ara  coaparabla  for  cha  two  asclcscion  carnaca. 

Coaplaaaocary  eo  cha  saaoa  addiclsa  latraaclgacleaa  fa  a 
baale  acody  of  lafrarad  oataa<40  and  laslag  acclaa  la  pan  hallm. 
This  la  a continaing  raaaarch  pnjact  trich  aarliar  acadlaa  cooeoa> 
craclag  on  Icn-pnaaura  liaaar  dlachargaa  la  halloa  chac  ganarata 
laaiog  action  ac  93  and  216  un;  cha  raaolta  Iron  ckac  raaaarch 
hasa  ncancly  haan  pdbllahad  (laf.  1).  Tha  asparinaaca  hasa  now 
baan  astandad  to  blgh-praaatira  (300  Torr)  tranasama  dlachargaa 
whan  laslag  acclen  has  baan  obaamd  ac  1.433.  1.369.  and  1.063  on. 
Only  tha  1.063  wn  anlaalon  had  baan  obaarvad  pntrioaaly  la  a law* 
prasaon  dlscharga.  Tha  anargy  lanls  raaponalbla  for  this  laaar 
aaisalon  hawa  not  yac  baan  Idanclflad. 
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oftciiiiic  camnctou 

Studiu  oi  Ntvr  o^MAic  condueto^  oi  mtXal-UJU  amduc- 
Mt  being  ccAtiAutd  in  CAtUbo^Ation  mUk  tkt  PcpeeDtcnC 
ei  CkkmUtAM  oi  Tkt  Johu  Hepkitu  tHivtAUl^.  etpepAUdAti  o4  iki 
4MpoJtUuU  ekuUeMt,  eUetMnie.  tmd  Umctw^Al  (cACueeA  oi  eeganie 
aoHdtctin$  mAtexiAU  to  tuctAlAut  tkt  peincipe<  enitcAin  ^ egn* 
XktAU  oi  UobU  MgMie  mUMU  hu  pocvided  m wtdiiutmiiMt  oi 
tki.  ijqpoUancc  oi  moUeutoA  inXenebnin  eouptijig  and  tkut-ddmA- 
AioHAt  oaMa  in  ktabilitiAq  oegenie  aKXa£4.  Rei*<j^  tk*  dimm- 
UmalU^  oi  tk€  oegiMie  cempomd  iocm  e UfucJtt^  OAi‘dLmtAUoAU 
oyAUm  luducu  tkt  mun-Utld  PtivtU  UmulUon  UmpOAMtuM.  end 
yiUdk  e saUmUUJUc  btmd  UaucCiku  et  Cm  CaeptAeCuAc.  At  tkt 
4amt  timt,  Acdueing  intcAcbein  eoupCing  in  one  CAgeCeCCegAApdUc 
diAtcUm  iAtAoductt  tuiiioUuit  otnuctuoAt  dUetdtA  to  pttvtnt 
titobtUhmttU  oi  e CbA<(*dincn4ioiieC  oAdeAcd  ineuCeCing  otott. 

Th«  DC  clnccrlcel  ccedwctiylty  of  cecrnchlnfulvnlMlue- 
tctracyano-quioodiMthnelde  (TTT-TCM))  wm  raperted  by  Ferrari* 
at  al.  la  1972 • Tb*  obaanrad  •agnlc^a  of  tb*  eeadaetlrity  ag> 
paarad  to  b*  coeparabl*  to  alapl*  aatal*  and  coaalataat  «rttb  alac- 
troe  traiaport  lleltad  by  alngl*  partlcl*  acattarlag.  1b*  DC 
coadactlrlty  roa*  wltb  dacraaalag  ttmptrttun  Ilk*  a eetal  and 
waa  highly  aalaotroplc,  ahlch  «aa  coaalataat  with  th*  aalaotropy 
of  th*  cryatal  atmetar*.  Tbla  guaal-oaa-dleoaaloaal  baharlor 
auggaata  that  tha  traaaltloa  free  ■atalllc-to-aaalcoodoctlag  atata, 
occurring  at  S4*K»  la  a Falarla  dlatortlon.  that  la,  a periodic 
dlatortloa  of  th*  lattice  driven  by  tha  conduction  alactrooa. 
Subaaquantly,  a report  waa  aad*  by  other  lavaatlgator*  of  extra* 
ordinary  DC  conduct Ivl tie*  aald  to  b*  Indicative  of  th*  onaat  of  a 
auparcoodttctlng  atata  at  60*K  la  TTF-TCIR)  cryatala  of  exceptional 
purity  and  cryatalllna  parfactlon.  At  An,  an  axtenalv*  atudy  of 
th*  laMrtanc*  of  chaalcal  purity  and  cryatal  perfection  waa  par* 
fonad  ualng  vary  rlgoroua  aaaipl*  preparation  and  purification  pro* 
ceduraa  (gaf.  1).  Only  axtreaaly  dirty  aaap^a*  war*  found  to  have 
any  algnlflcant  change  la  alactrlcal  conductivity. 
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la  • racmc  aurvay  of  •lacerlcal  eooAtetlvlcy  la  600  TTF- 
TCIIQ  spaclaaaa  studied  at  IS  laberaterlaa  ualag  alchar  feur-^reba 
DC  aaaauraaaaest  alerowaua  eavlcy  parturbstlae  taclmi^uas  (Oaf.  I)* 
or  ceaalal  raaooaaea,  wa  sbow  that  tba  coaductlvlclaa  of  aoaa  of 
tha  apaclaaaa  aaeaada  eba  llalta  of  alagla  partlela  acacearlat 
(laf.  3).  Wblla  eba  work  deaa  aoc  rula  out  eellaeclva  af facta, 
tba  coaductlvlty  la  aavar  blgb  aaoueb  to  raqulra  a eollactlva 
alactrea  (suparcoaductlat)  stata  aa  aa  asplaaatloa.  Ika  raport  of 
paracoaductlvlty  la  sow  ballavad  to  ba«a  arlaaa  froo  aaparlaaetal 
artifacts  aaaoclatad  «rltb  laboaotaaaoua  cwiraat  dlatrlbutloas  la 
tba  DC  apaclaaaa  aad  alalatarpratatloe  of  tba  alcrewava  partucks' 
tloB  aaaauraaanta,  aa  dlactioa^  la  a papar  that  wa  bana  aubalctad 
for  publlcatloa  (laf.  4). 

Aa  wa  abowad  aarllar  (laf.  S)  aad  hava  oow  ceoflraad 
(laf.  6),  tba  coapouad  ■fTSf-TOK)  rapraaaata  a poalltatlva  dapar- 
tura  froo  pravloua  orpaalc  coaduetora  la  that  t^  oatalllc  atata 
la  stabla.  Ua  baas  also  fo«a»d  that,  wblla  tbs  doaor  aolocuLa  la 
alactrealcally  slallar  to  tba  latraaatbyl  aaalota  WTIT  (laf.  7) 
aad  THTSF,  tba  larpar  alto  of  tha  aolacula  cauaaa  tba  lattloa  to 
ba  of  blglter  dlaaasloaallty  tbaa  aay  otbar  orfaalc  coaductor  la 
this  faadly.  Tbla  la  awldmt  froa  owr  recaet  crystal loprapblc  aad 
aapaatlc  atudlaa  of  tbaaa  coopouada  (laf.  S).  la  this  work. 

It  baa  baaa  daoooatratad  that,  sleca  tba  usual  tlllott-Ovafbausar 
aachaalaa  for  spla*lattlca  ralaaatloe  la  ostala  wla  tha  spla  orbit 
coupllag  la  laaffactlva  la  oea  dlaaoaloo,  tba  ESI  llaawldtb  la  aa 
affactlwa  ladas  of  tba  dlaaoaloaallty  of  tba  ayatao. 

Prlaclpal  lawaatlaatorai  T.  0.  Foablar,  D.  0.  Cowaa,  aad  A.  V. 

Ilocb.  Or.  Pooblar  la  Swparwlaor  of  tba  Qoaat«a  Eloc> 
troalca  Croup  of  tba  laaaarcb  Caetar.  Dr.  Cowaa  la  Fro- 
fasaor  of  Cbaolatry  aad  Dr.  Ilocb  is  Aasoclata  Frofaaaor 
of  Cbaolatry  at  Tba  Jobaa  Dopklaa  Oalvarsity.  Tbair  woik 
la  oot  aupportad  by  tba  1140  Frograo. 

lafaraacaa 

1.  I.  Cl— r at  al.,  "Cbaaical  Furlty  aad  tba  Blactrlcal 
Coadwctlwlty  of  Tatratblafulualaalaa  Tatracyaaogulo- 
odlaacbaalda.'*  J.  Ora.  Cbao. . kol.  40,  Mo— bar  IfTS, 

p.  3344.  I 

2.  A.  M.  Ilocb,  J.  F.  Farraris,  D.  0.  Cowaa,  aad  T.  0. 

Foablar,  "Mlcrewawa  Coadwctlvltlas  of  tba  Orgaalc 
Coaduetora  TTF-TCDQ  aad  ATTF-TCMQ.''  Solid  Stata  Cooo. . 

Fol.  13,  1173,  p.  733. 
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4,4  ,5,5*-TacraMathyl-A2«2  >bla-l,3-Dlchiola  (IMTTr) 
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8.  T.  0.  Poahlar,  J.  Bohaady,  A.  R.  Bloch,  and  D.  0. 
Cowan,  •’BSB  Scudlaa  of  TCRQ  and  TRAP  Salca,**  Bull. 
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SOLA*  ERERCY  CORVXRSZOR  AT  THE  SEMICORDOCTOII-ELECrROLTTE  UfTEtTACE 

An  impoHla/U  oUtAnativt  to  fkotovottaic  AotoA  tntAou  con- 
veA44.on  uAu^  itmiconducXoK  p-n  junction  aoIoa  eoJUU  moo  be  OiAou^ 
«t  utU^atLOn  oj  *tmiconduetoK-UtcCAot^t  inUftioct  dkvicu. 

Tht  Atmcconductofi-ttoctAotiftt.  intOA^cudot  ntgion  hao  pKoptAtito 
AjmUoA  to  tko^t  oi  a Schottky  bonnitA  /unction  and  can  oencAotc 
fotovo^u  and  photocuMtnU  uktn  ILUminaUd  by  aotoA  Aodla- 

The  aiiopUci^  oi  tht  inUAiact  configuAation  and  the  poaU- 
bdety  oi  tU4Mg  potycAyUalUne  oe  even  thin-Utm  cUctAodeo  my 
??**  Ae/otivety  inexpenaivt  to  p>toduee  *uch  a device.  In  addi‘ 
tcon  to  the  pnotovottaic  mode,  the  eemiconductoe^eJtectnotyix.  sye- 
ten  noy  be  uaed  in  photoelectAotyoia,  uhtu  electAoty^U  peoceedi 
AA  the  puAMce  oi  an  lUminated  eemiconducting  eZectAode  in  an 
ayueotu  celt  utiOi  Aeduced  oa  no  eUcUUcat  eneAgy  input 
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Prellalnsry  •xp«rlB«ntB  have  been  conducted  to  explore 
the  feaelblllty  of  photoelectrolysis  using  sn  n-type  TIO2  anode  In 
an  aqueous  electrolyte.  Photochealcal  cells  with  a Pt  cathode  and 
a TIO2  anode  loDersed  In  a wide  range  of  aqueous  elactrolytas  have 
been  used  to  explore  the  photoelectrolyte  and  photogalvanlc  prop- 
erties of  semiconductor-electrolyte  Interfsces.  Studies  of  the 
relation  between  electrode  potential  and  current  density,  differ- 
ential electrode  cspsclty,  gss  evolution  rates,  and  composition 
have  been  conducted  as  a function  of  Illumination  Intensity,  elec- 
trolyte composition,  and  pH.  Typical  current-voltage  characteris- 
tics of  a T102-Pt  cell  with  1 cm^  area  electrodes  In  an  aqueous 
solution  are  shown  In  Pig.  1.  Illumination  of  the  semlco^uctlng 
TIO2  electrode  In  the  band  300  to  400  nm  at  an  Intensity  of  approxi- 
mately 30  oM  cn~2  Is  seen  to  Induce  s sharp  Increase  In  the  cell 
currant.  Spectral  studlea  show  that  only  radiation  with  photon 
energies  larger  than  tha  band  gap  (Eg  m 3 eV)  are  effective  In  In- 
ducing this  Increase.  In  s homogeneous  cell  with  a single  electro- 
lyte, the  large  photocurrent  la  accompanied  by  gas  evolution  at  the 
electrodes  above  a critical  bias  of  about  0.3  to  0.4  V.  Hass  spec- 
trometer analysis  of  the  evolutes  shows  the  gases  observed  at  the 
cathode  and  anode  to  be  H2  and  O2,  respectively. 

A variety  of  electrolytes  Including  NsOH,  KOH,  H2S0^,  and 
NaCl  solutions  have  been  used  successfully,  with  the  only  require- 
ment being  that  the  electrolyte  provides  a sufficiently  low  cell 
resistance;  this  Is  usually  obtained  by  0.1  to  1 M solutions.  In 
experiments  at  a cell  bias  of  1 V,  the  H2  evolution  rates  correspond 
to  an  optical  conversion  efficiency  of  approximately  SZ.  IVo  sepa- 
rate electrolytes  can  be  used  In  a cell  to  furnish  part  of  the  re- 
quired bias  potential,  further  reducing  the  requirement  for  external 
electrical  pcwer  and  Increasing  the  optical  conversion  efficiency  to 
about  lOZ.  Careful  measurement  of  the  TIO2  electrodes  show  that  they 
are  not  dissolved  In  this  process.  We  also  have  used  polycrystalllns 
film  TIO2  electrodes  In  some  experiments,  with  efficiency  equal  to 
the  crystalline  materials  that  were  used  for  the  majority  of  the 
studies.  Additional  experiments  have  been  conducted  with  Ce,  SI,  and 
GaAs  semiconductor  electrodes  whose  band  gaps  are  more  closely  matched 
to  the  solar  spectrxim.  While  photoelectrolytlc  activity  Is  observed 
In  these  materials,  they  are  rapidly  dissolved  under  the  photoelec- 
trolysis conditions  In  any  ordinary  electrolyte. 

Unfortunately  all  the  semiconductors  that  have  been  success- 
fully used  without  anodic  dlsaolutlon  can  only  absorb  a small  fraction 
(m  IZ)  of  the  solar  spectrum  owing  to  their  large  energy  band  gaps 
3.0  eV).  It  Is  essential  therefore  to  obtain  stable  materials  with 
band  gaps  better  matched  to  the  solar  spectrum.  The  search  for  such 
materials  would  be  enormously  simplified  If  one  understood  the  basic 
reasons  for  the  nondissolution  of  semiconductors  that  have  been  cata- 
lytlcally  used  In  aqueous  electrolytes. 
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Fig.  1 Currant -Voltagi  Ctiaraetarittics  for  a TiOj  Crystal  Anoda  • Platiniiad 
Pt  Cathoda  in  1 M NaCI  Solution.  Tha  upper  curve  is  for  an  ilium 

inatinn  ifttanaitw  in  SOA.  tn  ann.nm  hurt  nf  mIM  mm  2 Tka  In 


ination  intansity  in  300-  to  400*nm  band  of  30  mW  cm 
curve  is  the  daA  current. 


The  lower 
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It  Is  conjectured  that  In  stable  substances  the  constitut- 
ing Ions  undergo  reversible  valence  change  In  the  presence  of  light 
and  water.  We  are  now  In  the  process  of  Investigating  the  validity 
of  this  criterion  for  rutile,  the  first  electrode  used  In  the  photo- 
electrolysis  of  water.  It  appears  desirable  to  experiment  with 
hitherto  unavailable  mixed  transition  metal  oxides  where,  by  proper 
choice  of  alloy  compositions,  one  can  fabricate  materials  with 
suitable  band  gaps  for  absorbing  a higher  fraction  of  the  sunlight. 
We  have  Initiated  a program  to  produce  and  evaluate  materials  that 
are  promising  candidates  for  this  application. 

Concurrently,  experiments  aimed  at  producing  stable  semi- 
conductor-electrolyte systems  will  be  conducted  by  choosing  readily 
available  semiconductors  with  band  gaps  around  1.0  to  1.5  eV  and 
Investigating  their  stability  In  combination  with  a wide  range  of 
both  aqueous  and  nonaqueous  solutions.  Theoretical  work  on  photo- 
voltaic response  of  a semiconductor-electrolyte  Interface  under  ap- 
propriate boundary  conditions  will  begin. 

Whether  the  photogalvanlc  mode  of  operating  the  cell  would 
be  an  Improvement  over  the  conventional  solid-state  photovoltaic 
cell  Is  too  early  to  evaluate;  however,  the  possibility  of  using 
noncrystalline  electrodes,  the  availability  of  a large  variety  of 
Inexpensive  electrolytes,  and  the  consideration  that  no  p-n  junc- 
tions need  be  formed  lend  certain  attractive  features  to  the  semi- 
conductor-electrolyte Interface. 


^ Principal  Investigators ; T.  0.  Poehler,  M.  H.  Friedman,  and 

K.  Moorjanl.  Drs.  Poehler  and  Friedman  are  Group  Super- 
C'  “T  visors  of  the  Quantum  Electronics  and  Theoretical  Prob- 

lems Groups,  respectively,  of  the  Research  Center.  Dr. 
**  Moorjanl  is  a senior  physicist  In  the  Solid  State  Group 

I of  the  Research  Center. 
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SOLID-STATE  PHYSICS 

The.  SotLd-Stcute  Phy^a  g/ioup  ^ engaged  in  a bnoad  Ke- 
itojidn  ptiogfvaan  eonce/ining  both  the  ^undamejntat  and  oi-apptied 
aspects  oi  noncJiystaJUUne  and  potycAystattine  tnoaganlc  sotids. 

Hew  techniques  ^oa  suA^ace  and  butk  analyses  solids,  combined 
with  the  up-to-date  thin-^ilm  technology,  oAe  being  used  to  ex- 
plore the  nationally  impofttant  pAoblem  o^  ^abhicating  less  expen- 
sive soloA  cells. 

The  primary  activity  of  the  group  has  been  directed  toward 
the  study  and  applications  of  disordered  and  polycrystalllne  solids. 
Some  changes  and  additions  to  the  research  program  have  been  Ini- 
tiated In  recognition  of  the  ever-lncreaslng  role  played  by  non- 
crystalllnlty  In  various  branches  of  solid-state  physics. 

The  work  on  switching  In  amorphous  semiconductors  Indi- 
cated the  Importance  of  systematically  Investigating  the  Impurity 
effects  In  these  systems.  Consequently,  an  effort  was  applied  to 
controlled  doping  and  quantitative  determination  of  Impurities  In 
amorphous  semiconductors.  Optical  and  electrical  measurements 
have  been  performed  to  delineate  the  behavior  of  Impurities  In 
disordered  solids.  A theoretical  model  of  magnetic  Impurities  In 
structurally  disordered  solids  has  been  proposed  and  analyzed. 

Polycrystalllne  semiconducting  films  could  prove  signifi- 
cantly useful  In  fabricating  low-cost  solar  cells.  The  expertise 
of  the  group  In  vacuum  deposition  techniques  and  the  knowledge 
acquired  from  the  studies  of  amorphous  semiconductors  Is  being 
used  to  explore  the  possibilities.  Encouraging  results  have  al- 
ready been  obtained,  and  solar  cell  efficiencies  of  1.5%  have  been 
achieved  In  polycrystalllne  silicon. 

The  members  of  the  group  continue  to  maintain  forefront 
positions  In  the  field  of  disordered  solids.  Pioneering  research 
has  been  done  In  solar  energy  conversion,  and  members  of  the  group 
have  been  Invited  to  participate  In  a number  of  conferences  and 
workshops  on  solar  energy  and  to  attend  an  International  conference 
on  Nonmetal-Metal  Transitions  held  at  Autrans , France.  Seven  papers 
were  presented  at  conferences.  The  detailed  activities  of  the  group 
are  described  In  eight  papers  that  have  been  published  and  four 
papers  that  have  been  accepted  for  publication. 


THIN-FILM  SOLAR  CELLS 

Studies  initiated  last  yeoA  on  thin-^ilm  silicon  soloA 
cells  have  continued.  Conside/uible  pAogAess  was  made  in  i^oAming 
double- di^^used  p-n  junctions  in  polycAystallcne  silicon  iilms  on 
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iappkOve.  Ouf*tatU*t  iiOu  ionmvl  at  iiSstfuUe.  t&m- 

pe.fiatuKU  up  to  800*C  gavt  ImA0€a  sizt6  amd  have  bttWi 

photovoltaic  Ae^pon&e  than  iitia  deposited  in  the  amonphoui  itatc 
and  iubicqucntly  cfiyAtaJUiztd.  InvtatiyfLtum  continued  on  Atcond- 
oAjy  ion  m<U4  ^pccZnometny  (SIMS)  malyaia  doping  pKo^itu  and 
the.  e^cct  o^  gfuiin  hizt  on  diHiuiom  cotutant*. 

A potentially  promlslnf  approach  to  achieving  the  desired 
goal  of  Inexpensive  solar  cells  is  Chroagh  the  use  of  vacuum  depo- 
sition techniques.  Vacuum  deposlCioD  is  particularly  useful  where 
large  areas  and  thin  layers  on  smooch  ai^t rates  are  desired. 

Studies  on  silicon  solar  cexls  have,  la  fact,  ladicated  chat  films 
with  thicknesses  In  the  range  sultabla  for  vacuia  deposition  (10  to 
15  pm)  would  provide  adequate  efficiencies  providing  their  grain 
sizes  are  sufficiently  large  and  Impurity  levels  sufficiently  low. 
Efficiencies  comparable  to  sliced  wafers  may  indeed  be  possible. 

If,  In  addition,  back  fields  and  back  reflecting  surfaces  could  be 
used.  While  vacuum-deposited  silicon  films  mould  be  clearly  useful, 
they  have  been  generally  avoided  In  favor  of  chamicsU vapor* de» 
posited  layers  or  other  materials  such  as  Cu28/CdS  because  of  their 
historically  poor  semiconducting  properties.  However,  if  Che  qual- 
ity of  the  silicon  films  could  be  Improved,  Chen  all  the  usual  and 
standard  techniques  for  fabricating  solar  cells  and  emewrlng  their 
stability  could  be  used. 

Samples  are  being  formed  by  electron  beam  depoeltloo  onto 
substrates  maintained  at  fixed  temperatures  between  500  amd  000*C. 
The  films  are  subsequently  processed  using  standard  integrated  cir- 
cuit techniques  Including  oxidation,  masking,  etching,  and  diffu- 
sion. The  Investigations  this  year  have  shown  that  photovoltaic 
devices  can  be  formed  In  polycrystalllne  vacuum- deposited  aillcoa 
films  on  appropriate  substates  (Ref.  1).  Junctions  parallel  to  the 
substrate  may  be  formed  by  diffusion.  Even  In  films  with  small 
grain  size,  Fermi  levels  are  not  pinned  by  surface  states,  but  caa 
be  controlled  by  the  usual  doping  procedures.  An  Interesting  obser- 
vation In  the  study  was  that  the  oxide  layers  grown  on  polycryetal- 
llne  vacuum-deposited  films  behave  In  all  respects  similarly  to 
those  formed  on  single  crystals.  The  rate  of  oxide  growth,  etching 
behavior,  and  surface  protection  required  for  oxide  masked  diffu- 
sion are  all  similar  to  those  found  In  single  crystal  wafers.  The 
films  can  thus  be  processed  In  exactly  the  same  manner  as  single 
crystals.  In  the  present  study,  solar  cell  efficiencies  of  approxi- 
mately 0.02%  were  achieved  with  grain  size  of  about  0.2  pm  while 
efficiencies  of  1.5%  were  achieved  In  samples  with  grain  size  of 
about  1.5  pm.  Solar  cell  characteristic  current-voltage  curves  are 
shown  In  Fig.  1.  The  Improvement  In  the  characteristics  (approach 
to  the  single  crystal  curve)  with  grain  size  Is  clearly  evident. 

The  Intensity  of  Illumination  used  In  making  the  measurement  was 
equivalent  to  sunlight  on  the  earth's  surface. 
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Fig.  1 llluminatBd  l-V  Charectarittics  for  Polycryttallina  Film  with 

Various  Grain  Diametars  (indicatad  in  paranthatat)  and  a Crystal 
Monitor  (1496) 


The  Important  work  that  remains  is  to  enlarge  the  crystal 
line  size  while  maintaining  the  sample  purity  on  substrates  other 
than  sapphire.  Studies  on  the  relationship  between  grain  size  and 
substrate  tes^erature  are  in  progress.  Grain  size  is  being  dctar- 
mlned  by  scanning  electron  microscopy. 


Principal  Inves tigators ; C.  Feldman,  F.  G.  Satklawlcz,  and  H.  K. 
Charles,  Jr.  Dr.  Feldman  is  Group  Supervisor  and  Dr. 
Satklewlcz  Is  senior  chemist  of  the  Solid  State  Group  of 
the  Research  Center.  Dr.  Charles  Is  a senior  engineer 
of  the  Microelectronics  Group  of  the  Engineering  Facili- 
ties Division  of  the  Laboratory. 


C.  Feldman,  F.  G.  Satklewlcz,  and  H.  R.  Charles,  Jr., 
"Evaluation  of  Vacuum  Deposited  Silicon  Films  and 
Junctions  for  Solar  Cell  Applications,"  Proceedings  of 
National  Workshop  on  Low  Cost  Polycrystalline  Silicon 
Solar  Cells,  Dallas,  TX,  May  1976. 
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|i  SECOmUIY'ION  MASS  SflCTSOMITir 

|)  1 StcondeAy-ien  mua  4p€CtAomtUy  (SIttSi  tmpte^iAA  « 4put’ 

«|  ttKiing  ion  4cunct  luu  become  ineneaungi^  impoetotU  im  the  eniU^’ 

1440  oi  4olid4,  The  iutt  eiieejUytemeu  oi  tku  method  io,  kmoeotA, 
kindeAed  by  the  incoipteXe  undenotonding  oi  ion  pnoducUon  end  the 
inabiJLUy  to  peediet  ab4otiUe  ion  yieZdo,  To  oveAcome  tkeoe  Um~ 

Itation4,  4econclnAy~ion  entegy  diotAibation  dole,  ieom  beoedcA 
ele44e4  oi  meteAiai,  one  needed. 

S#cood4nf-Ioo  Bargy  DlJtrlbuCloo  (SIEP) 


Extcnclv*  •«p«rlwiic«l  SIED  data  ara  balag  gacbarad  e« 
datandna  whathar  cha  ralaclaaly  alapla  dapaodancy  of  eha  dlacribu* 
tiona  on  iooliatioa  pocanclal«  obaarvad  fro*  aputtarlog  eiddaa  and 
glaaaaa  (Raf.  1)*  la  ■aintalnad.  Macarlala  axasload  locladad  aav- 
aral  aat^llc  alaaanta  and  binary  conpounda  aucb  aa  CaAa»  Cu2S* 

CuS,  CdSt  and  SijN^.  In  attanpta  co  raproduca  aoaa  of  cha  pravl- 
oua  data  on  glaaaaa » ic  waa  found  chat  cha  aacoodary  opclca  adjuac- 
■anca  hava  a graacar  affacc  on  Cha  diacribuclena  chan  had  baao  pra- 
aloualy  racognltad.  Accordingly.  axparlMoca  ara  balng  cooduccad 
CO  obcaln  baccar  undaracandlng  of  cha  loo  ascraccloo  coodlclooa. 

Howavar.  cha  uncarcalnclaa  coocamlng  cha  abaoluCa  ahapa  of  Chaaa 
curaaa  do  noc  pracluda  cha  poaalblllcy  of  obcalnlng  Manlogful  daca 
on  a ralaclva  baala.  proaldad  cha  criclcal  axcracclon  coodlclooa 
ara  raproducad. 

A SIMS  Analyala  of  yolycryacallloa  Silicon  Solar  Calla 

SDIS  analyala  of  polycryacallloa  alllcoo  chin  fllaw  has 
provload  InpurlCy  daca  and  dopanc  dlacrlbuclooa  (and  cooaaquancly 
JtaicClon  dapchs).  This  Infomsclon  Is  balng  used  Co  scudy  cha  crl- 
Clcal  quasclon  of  subscrsca  Incaraccloo  In  cha  daaalopaanc  of  low- 
coat  solar  calla. 

Calibration  vorfc  was  parforaad  co  provide  the  basis  for 
daceralnlng  cha  coocantraclon  profiles  of  the  dopants  (phosphorus 
and  boron)  In  silicon.  A nvMbar  of  these  profiles  ware  obcslnad 
and  wars  coaparad  with  the  corresponding  profiles  fron  a single 
crystal.  The  results  show  higher  diffusion  coefficients  foe  the 
fllaa,  probably  due  to  anre  rapid  diffualon  along  grain  boundaries. 

One  of  the  najor  probleas  In  solar  cell  developacnt  is  the 
substrate  on  which  Che  chin  filai  Is  deposiced.  A knowledge  of  Che  ^ 

reaccion  of  Che  s(d>scrace  wich  che  fllai  MCerial  Is  necessary. 

SIMS  la  a useful  cechnlque  for  decemlnlng  such  rcaccivlcy.  The  ^ 

InscruMnC  ac  APL  can  obcaln  polyacoaiic  speccra,  an  Ideal  feacure 
CO  provide  an  underscandlng  of  such  reacclons.  These  spacers 
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Thm  coopMlt*  aystM  Al203/Tl/l/tl  hsa  tlrmmdy  bMS  M' 
aalnad  to  dotoralM  tho  estoot  of  rooctloo  of  T1  aid  • u «oU  m$ 
tho  lot«rpoiMtrattoo  by  •olutloo  of  ooo  U tho  othor.  tb*  rMult* 
•ro  llluotrotod  in  Uga.  1 oad  2.  rigur*  1 •hem  th*  doltaootleo 
of  tho  phoao*  In  tho  oo-dopooltod  ■•■plo.  Tho  T1  profile  te  tho 
sharp  bocouoe  of  tho  finite  depth  resolution  of  tho  sputter* 
Ing  besB.  Figure  2 shove  the'  distribution  of  species  after  the 
•oaple  hod  been  hooted  at  975*C  for  2 hours.  As  con  bs  seen, 
boron  hoo  diffused  Into  silicon  vhlls  T1  has  reocted  vlth  boron. 
Also  shovn  Is  tho  curve  for  escess  boron,  vhlch  Is  obtained  by  ap- 
proprlate  Intensity  decoupling  and  fron  tho  knovlodgo  of  relative 
ion  yields  of  elesMotal  boron  oad  beron  la  Tll2*  Distribution  of 
A1  Into  the  fllae  vas  also  observed,  but  la  not  shovn  la  tho  flg- 


Prlnclpal  Invest Igatori  F.  C.  Satklovlcs  Is  senior  chonlst  of  the 
Solid  State  Croup  of  the  losesrch  Center. 
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Fig.  2 SIMS  Anelytis  of  Compotite  Leyer  Si/B/Ti/Sapphire  Hoetod  for  2 
Hours  at  975‘’C 
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INmiED  ABSORPTION  BANDS  IN  AHORPHOUS  BORON  PIIMS 
COirrAlNINC  CARBON  AND  HYDROGEN 

Tht  pUACAce  coAbcH  e»d  kifdMgtH  in  amoHpkou*  boAxm 
fuu  been  ^hotm  to  Mave  a lAAqt  tUteX  on  tkt  JUMiotisUtif,  eltctnon 
poAOMogntUc  acaoiumca  otgiiull,  and  mUcku^  eJiaAocUAutica  oi 
tkin-i^  aamplts.  Such  iUan  kaut  potential  dtuiot  appUjuXiona, 

To  utimaZt  the  amount  oi  hydnogen  and  canton  in  tkue  aamplu,  a 
Umplt  Hondutnuctivt  method  ia  deoiaatte.  foe  tkU  punpoee  a 
technique  ion  meaauning  the  I-R  ataonftion  epeetna  oi  iilm  aamptea 
haa  been  developed  that  give*  a eemiquantitative  analgiia  oi  iiu 
concentnation  oi  kydnagen  and/ on  canton. 

Aaorphoua  boron  fllao  coocnlnlng  coocrollod  lovnls  of 
carbon  and/or  hydrogan  warn  axaaload  by  Infrarad  abaorpclon  apac" 
Croacopy  (I-R)  in  tha  ranga  700  to  4000  (14  to  2.3  ua).  Iha 

avplaa  wara  quanclcaclvaly  analysad  for  hydrogan,  carbon,  and 
oxygan  by  aacondary-lon  naaa  apaccroaacry  (SIHS).  Tha  purpoaa  of 
chla  work  waa  co  Idantlfy  cha  abaorpclon  paaka  obaarvad  In  tha  I-R 
apactra  of  tha  boron  fllaa  and  to  eorralata  cha  Incanaltiaa  of 
paaka  cauaad  by  hydrogan  and  carbon  with  Cha  SDtS  analyala  of  tha 
saaplaa. 

Incarfaranca  frlngaa  cauaad  by  cha  chlcknaaa  of  Cha  aam- 
plaa  raqulra  that  apactra  ba  obcalnad  ralaciva  to  a background 
having  cha  aaaa  Incarfaranca  paccam  aa  tha  aMplaa  balng  Invaatl- 
gacad.  For  thla  purpoa*.  coaputar-ganaracad  alaulaClona  vara  ob- 
Cainad  ualng  pravloualy  aaaaurad  valuaa  of  cha  rafractlva  Indax 
and  absorption  coafflclant  for  pura  boron  fllaa.  Tha  coapucar 
alaulaclona  thus  bacaaa.  In  affact,  cha  lOOX  cranoalaalon  baaallnaa 
with  raapacc  to  which  tha  lanurlty  absorption  paaka  can  ba  asasurad. 
The  Baar-Laabert  Law,  log  T~^  ■ Etc,  was  than  uaad  to  calculate  cha 
iapurlty  concentration  froa  cha  aaaaurad  ralaciva  cransalsslon  la 
peak,  T.  Tha  quantities  t,  c,  and  K are,  raspactlvaly , cha  flla 
Chlcknaas,  tha  iaq>urlcy  concentration,  and  an  eaplrlcal  conatant 
derived  from  a bast  fit  to  tha  SIMS  analyses. 

Absorption  bands  cantered  at  2560  and  1100  ca~^  wars  Iden- 
tified as  caused  by  hydrogan  (B-H  vibrations)  and  carbon  (B-C 
vlbratlona),  respectively.  Intensities  of  these  bands  ware  corre- 
lated with  the  SIMS  measurenents,  and  a rcaaonable  quantitative 
agreement  was  achieved.  The  1-R  measurements  can  thus  be  used  to 
estimate  the  concentration  of  hydrogen  and/or  carbon  in  the  thln- 
fllffl  amorphous  boron  samples. 

Several  additional  absorption  bands  were  observed  that 
had  been  observed  previously  by  others  in  bulk  amorphous  boron  or 
In  the  various  crystalline  forms  of  boron.  These  previous  identi- 
fications have  been  corroborated.  This  work  represents  tha  first 
time  that  the  hydrogen  band  at  2560  cm~^  and  the  carbon  band  at 
1100  cm~^  have  been  poaltively  Identified  by  quantitatively  corre- 
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Fig.  1 Infrared  TranamiMion  Spectra  of  Similarly  Thidc  Boron  FMmt: 

(a)  Undopad,  (b)  Containing  Hydrogen  (H2-dopad).  (c)  Containirtg 
Hydrogen  and  Carbon  (C2H2-dopad),  and  (d)  Containing  Carbon 
(dapotitad  from  moh  containing  carbon). 


latlng  the  band  IntanalClaa  with  an  Indapandant  MaeurcBant  of  the 
corraapondlng  impurity  concentration.  The  apectra  of  four  fllna 
of  nearly  Identical  thlckneaa,  ao  aa  to  facilitate  vlaual  coaparl- 
aon,  are  ahown  In  Fig.  1.  A report  of  thla  work  la  being  prepared 
for  publication. 


Principal  Inveatlgatora;  C.  FeldMn,  N.  A.  Blua,  C.  W.  Turner, 
and  F.  G.  Satklewlcx.  Dr.  Fildaan  la  Croup  Supervlaor, 
Dr.  Satklewlcx  la  aenlor  cheadat,  and  Dr.  Blua  la  a aen- 
lor  phyalclat  of  the  Solid  State  Group  of  the  Beaearch 
Center.  Mr.  Turner  la  a graduate  atudent  at  The  Johna 
Hopklna  Unlveralty  and  an  APL  fellow. 
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ELECTIICAL  EmCTS  OT  CAIBON  INTUUnES  III  ANOtPBOUS  MC  TH  rXLNS 

Tkt  4nilutHce  oi  uifuxLUu  on  dit  tUxJUutMl  pnoptAJUu 
0^  amonphoiu  otmicondueto^  aa  oi  inttAUt  inem  a thtMjUleMl  vittO’ 
pOAjU  and  ih  AMfOAtaiU  ioA  iny/tAtigating  ap^eatiotu  oi  tkui 
AifAttm.  At  tht  pKuttU  tim,  EKc  tktoKtjUcAl  OApteJU  oi  ampua^ 
liitcU  OH  tUeXAOHic  AtatiA  4ii  amoAfkouA  Atmiconduetuig  maJUKuUA 
ana  thi  oi  tAptAiMMaJUy  oboiKvtd  oJUcZKicAt  tAMupont, 

ckaAocXtAiAticA  OAt  not  vtoJU  undtAUcod.  ThU  r^JtcX  fuu  du 
goal  oi  undtAAlOHdutg  thi  tiitcU  canbon  dopUng  on  Hu  Iauu- 
poAt  pnoptAtitA  oi  amoApt^iu  boAon  lUmA  and  oi  nalUng  tui  oi 
thtAt  weXtAUitA  -OI  pAocUexU.  dtvicu. 

Thli  work  hM  focused  on  ch«  offoecs  of  csrboa  lapurltlM 
In  aaorphous  boron,  tilth  th«  ultlanto  of  Mklng  thln-flln 

function  dovlcoa.  Sanploo  wort  foewd  by  •loctron-boan  dapoaltloo 
of  boron  carbldo  (B4C)  and  by  slnultanaoua  alactron-baan  dapoai* 
tlon  of  boron  and  carbon  from  saparats  aourcaa.  Tha  dapoaltloo 
vaa  nada  on  fuaad  alllca  and  Infrarad  trananlttlog  tine  aulphlda 
(Eastman  Eodak  IRTRAM)  aubatrataa  with  rataa  ranging  from  SO  to 
200  nm/mln.  Tha  rasultlng  fllma  vaiiad  In  thlcknaoa  batwaan  0.2 
and  l.S  urn.  Compositional  analysis  of  tha  samplas  was  parformad 
using  sacondary*lon  mass  and  Infrarad  apactromatry;  tha  raslatlw- 
Ity  was  maaaured  by  four-point  proba  and  daposltad>pad  mathoda. 

Tha  raslstlvlty  varsus  carbon  cootant  bahavior  of  tha 
praaant  aamplas  (Pig.  1)  la  slightly  dlffarant  from  tha  ona  as- 
hlbltad  by  films  obtained  from  dapoaltloo  under  a partial  praaaure 
of  acatylana  (Raf.  1).  This  nay  be  due  to  tha  hydrogen  present  In 
tha  acetylana-dopad  fllma,  and  further  axparlmantal  work  la  In 
progress  to  understand  tha  diffaranca.  However,  It  la  clear  that, 
regardless  of  the  method  of  Introducing  carbon,  tha  raslstlvlty  of 
amorphous  boron  Is  sensitive  to  tha  amount  of  carbon  Introduced. 
Control  of  sample  parameters  and  barrier  formation  In  amorphous 
boron  may  thus  be  possible. 

Principal  Investigators;  C.  Feldman  and  G.  V.  Turner.  Dr.  Feldman 
la  Group  Supervisor  of  tha  Solid  State  Croup  of  tha  Re- 
search Canter  and  Mr.  Turner  Is  a graduate  student  at  The 
Johns  Hopkins  Dnlvarslty  and  an  APL  fellow. 
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Fig.  1 Raiistlvity  varnn  Carbon  Contant  in  Amorphous  Boron  FMma: 
■ Acatylana  dopad,  • Carbon  dopad. 
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KINETICS  OF  THE  ANORPHOUS-TO-CRYSTALLINE  TRANSFORMATION 
IN  SILICON  THIN  HLMS 

In  oHdeA.  to  mofee  e^^ecttue  u4e  oi  iemiconducUng  cunofiphoab 
^AZm6  tn  eJte.ct^onLc  (U.vtce.  tzcJinology,  it  44  nece44a*ur  to  undvi- 
Atand  tilt  mechanism  o^  t/uuu ^Amotion  to  the  cAyitatUne  itate  in 
04  much  detait  04  poiiiJbte.  ThAough  tku  undtAltanding  thcAc  44 
the  poi^ibitity  o^  contAolUng  the  44ze  and  gAouith  patteAn  o^ 
gAoiM  duAing  the  cAyitatUzatton  pAoce64.  The  kineticA  o^  the 
amoAphouA-to-cAyAtaJUtne  tAanA^oAmtion  in.  vacuum- deposited  thin- 
iiJtm  Aiticon  ujoa  Atudied  by  an  optical  method  oi  deteAmining  the 
iAotheAmal  volumetAic  tAonA^oAmation  oa  a function  oi  time.  TIuac 
ACAuttA  lueAe  inteApAeted  in  tcAmA  o^  an  impAoved  theoAy  o£  tAonA- 
ioAmation  kineticA. 

Amorphous  silicon  thin  films  were  prepared  by  electron- 
beam  vacuum  deposition  onto  fused  silica  substrates.  Each  sample 
was  heated  In  an  Inert  gas  tube  furnace  at  constant  temperature 
for  a series  of  time  Increments.  After  each  Increment,  the  trans- 
mission of  the  film  was  measured  In  that  part  of  the  optical  spec- 
trum where  the  absorption  coefficient  varies  most  rapidly  as  the 
film  transforms  from  the  amorphous  to  the  cvystalline  phase.  The 
heating  Increments  and  optical  measurements  continued  until  the 
film  crystallized.  A plot  of  relative  transmission  versus  time 
for  two  different  temperatures  Is  shown  in  Fig.  1.  In  this  way, 
plots  were  obtained  of  the  fractional  volume  transformed  as  a 
function  of  heating  time.  The  crystallization  time  versus  tempera- 
ture is  plotted  In  Fig.  2.  Results  for  silicon  are  qualitatively 
similar  to  those  obtained  earlier  for  germanium  films  (Ref.  1). 
However,  as  discussed  below,  the  kinetics  of  the  transformation 
can  be  described  by  a theoretical  model  which  Is  more  satisfactory 
In  several  respects  than  the  simple  rate  process  previously  de- 
scribed (Ref.  1). 

A recent  paper  in  the  literature  (Ref.  2)  presents  a model 
that  Includes  a more  realistic  picture  of  the  growth  site  Impinge- 
ment problem.  This  provides  a method  for  removing  nucleation  sites 
as  they  are  swept  away  in  the  path  of  the  transforming  regions. 

The  theory  has  the  advantage  of  distinguishing  between  homogene- 
ously nucleated  processes  and  provides  specific  solutions  for 
growths  In  two  and  three  dimensions.  The  asymptotic  behavior  of 
the  solutions  agrees  with  the  form  of  the  experimental  transforma- 
tion curves,  whereas  the  earlier  model  gave  results  that  broke  down 
for  large  values  of  fractional  volume  transformed. 
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Fig.  1 Isothermal  Kinetic  Transformation  Curves  for  Silicon  Films  at  Two 
Different  Temperatures 
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Fig.  2 Crystallization  Time  versus  Temperature  for  Silicon  Films.  The  data 
points  and  least-squares  fit  (solid  line ) correspond  for  each  point  to 
the  time  and  temperature  at  which  half  the  volume  of  the  film  was 
crystallized. 
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The  theoretical  model  is  cast  in  the  form  of  nonlinear 
Volterra  Integral  equations  (different  equations  for  two-  and 
three-dimensional  growth  as  well  as  different  equations  for  homo- 
geneous and  heterogeneous  nucleatlon).  The  equations  may  be 
solved  numerically  to  give  Iterated  solutions  In  the  form  of  tables 
of  transformed  volume  for  various  assumptions  concerning  the  nuclea- 
tlon processes  and  the  mode  of  growth.  A single  parameter  appears 
In  the  equations  that  depends  upon  the  temperature  at  which  the 
transformation  occurs  and  an  energy  characteristic  of  the  material 
undergoing  transformation.  Details  of  fitting  the  theory  to  the 
®*P6rlments  are  presently  being  carried  out,  and  a paper 
Is  currently  being  prepared  for  publication.  A preliminary  report 
was  presented  at  a meeting  of  the  American  Physical  Society  (Ref.  3) 

Principal  Investigators;  C.  Feldman  and  N.  A.  Blum.  Dr.  Feldman 
Is  Group  Supervisor  of  the  Solid  State  Group  of  the  Re- 
search Center,  and  Dr.  Blum  Is  a senior  physicist  In  the 
Solid  State  Group. 
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THEORY  OF  DISORDERED  SOLIDS 

Invutcga^oru,  du/Ung  tht  cuMznt  t/eoA,  have,  dealt  mth 
vaKiojih  type^  OjJ  di&ofideAed  magnetic  iolUU.  The  wonk  u}a&  moti- 
vated by  expeAmeyital  fieiulU  on  &yUem  containing  a tojige  concen- 
tAotLon  A^e  oi  ^eAAomagnetic  metalUc  impuAltiei  In  a dUoAdeAed 
(UMinagnetcc  ho&t.  An  example  o^  iuch  a Ayitem  would  be  Aondomly 
d^tAcbuted  lAon  otomA  In  a thin  ^ilm  o^  amoAphouA  geAtnanlum. 

TheAe  alto yA  exhibit  many  inteAeAting  pAopeAtieA  that  Ahould  help 
-cn  undeAAtanding  phenomena  OA  voAced  oa  hopping  conduction,  InAu- 
la^A-metat  tAonAitlon,  and  magnetic  inteAactlonA  in  diAOAdeAed 
AoUdA.  The  x.nveAtigation  oi  the  loAt  pAopeAty  hoA  been  empha- 
Axzed  Ajn  the  pAZAent  Atudy. 
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The  effect  of  structural  and/or  chemical  disorder  on  the 
critical  properties  of  a Heisenberg  ferromagnet  has  been  analyzed, 
and  the  behavior  of  spin  glasses  has  been  studied.  The  proposed 
models,  the  method  used,  and  the  results  obtained  are  described 
briefly  below. 

A site-disordered  alloy  with  concentration  c of 

magnetic  atoms  A randomly  distributed  In  a nonmagnetic  lattice 
of  B atoms  with  concentration  (1-c)  Is  considered.  The  lattice 
Is  assumed  to  be  structurally  disordered,  which  Induces  fluctua- 
tions In  the  ferromagnetic  exchange  Interactions  between  magnetic 
atoms.  Thus,  besides  the  temperature  and  the  coordination  number 
of  the  lattice,  the  relevant  parameters  for  the  discussion  of 
thermodynamic  quantities  are  the  concentration  c of  the  magnetic 
atoms  and  the  measure  A of  fluctuations.  The  crystalline  ferro- 
magnet results  In  the  limits  c ^ 1 and  A = 0,  which  serve  as  a 
useful  check  on  the  calculations  performed. 

The  Hamiltonian  for  the  above  model  Is  analyzed  within  the 
Bethe-Pelerls-Welss  approximation,  and  the  resulting  free  energy 
Is  averaged  over  all  the  configurations  of  the  disordered  system. 

A self-consistent  condition  on  magnetization  Is  used  to  yield  ex- 
pressions for  thermodynamic  quantities  of  Interest. 

It  Is  shown  that  the  critical  concentration  cg  of  magnetic 
atoms  for  the  appearance  of  long-range  magnetic  order  Is  not  In- 
fluenced by  the  presence  of  fluctuations  (Ref.  1).  The  value  of 
eg  (”  1/3)  Is  found  to  be  In  reasonable  agreement  with  the  experi- 
mental value  (0.4  ± 0.02)  recently  deduced  from  the  Curie  tempera- 
ture versus  concentration  measurements  on  Iron  atoms  randomly  sub- 
stituted In  amorphous  germanium.  For  c > cg,  the  fluctuations 
depress  the  values  of  the  Curie  temperature , the  high  temperature 
magnetic  susceptibility  (Fig.  1),  and  the  magnetization  (Fig.  2) 
relative  to  the  corresponding  values  for  the  average  crystal.  For 
small  values  of  A,  explicit  expressions  for  the  amount  of  decrease 
In  the  above  quantities  are  obtained.  However,  the  critical  In- 
dices, for  magnetization  as  well  as  susceptibility,  are  found  to  be 
unaffected  by  fluctuations  (Ref.  2). 

The  above  formulation  has  been  modified  to  discuss  the 
static  properties  of  spin  glasses.  These  are  magnetically  dilute 
alloys  that  possess  neither  short-  nor  long-range  magnetic  order 
but  do  exhibit  anomalies  In  their  thermodynamic  behavior.  It  Is 
expected  that  a study  of  spin  glasses  will  answer  questions  concern- 
ing the  fundamental  nature  of  exchange  Interactions  and  aid  In  ex- 
ploring the  possible  uses  of  disordered  magnetic  solids  In  magnetic 
bubble  memories. 
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Fig.  1 Relative  Susceptibility  versus  Reduced  Temperature  for  a StructuraHy 
Disordered  Ferromagnet.  X and  J m are  respectively  the  susceptibility 
and  the  exchange  constant  of  the  mean  crystal  while  X,  is  the 
susceptibility  of  the  disordered  solid. 


Normalization  temperature  T/T^ 


Fig.  2 Magnetization  versus  Normalized  Temperature  for  Different  Values  of 
c and  A in  the  Vicinity  of  the  Curie  Temperature  T^.  For  each  case, 
the  temperature  is  normalized  with  respect  to  the  corresponding  T^. 
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In  our  trcntaenc,  ch«  prcMncc  of  • flnitt  nuabtr  of 
nearest  neighbors  increases  chs  value  of  the  spin  glass  cransltlon 
tempersture  coapsred  to  the  oolecular  field  result.  Furtheivors, 
in  contrast  to  the  nolecular  field  apprcnclaatlon,  the  SMgnetlc 
susceptibility  approaches  the  transition  teaperature  froa  below 
with  a finite  positive  slope  In  agreeaent  with  the  experlaental  rs' 
suits  (Ref.  3). 


Principal  Investigators;  R.  Moorjani  and  S.  K.  Ghatak.  Dr. 

Moorjanl  is  a senior  physicist  in  the  Solid  State  Croup 
of  the  Research  Center  and  Dr.  Ghatak  (not  funded  under 
the  IR&D  prograa)  is  a post-doctoral  fellow  at  the  Free 
University,  Berlin.  This  work  conaenced  during  1974-75 
when  both  investigators  were  at  the  Phase  Transition 
Group  of  the  Centre  National  (France)  de  la  Recherche 
Scientiflque , Grenoble,  France. 
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EXPLORATORY  DEVELOPMENT 
INTRODUCTION 

A6ouC  om-^ou/Uh  oi  tht  LaboKoto^'t  IndUiectty  fundtd 
ReAeoAc/i  and  Vtvtlofmnt  (IRil?)  PKogfum  devoted  to  exploKoXoKy 
itudiei  aimed  pximajUJty  at  devetoping  new  appfioachei  in  mUiijon- 
netated  a/texu.  The  pnogAom  pnoviMe^  ioK  initiat  invettigatLoni  to 
oAAeAA  -the  value  oi  pAomuing  new  conceptA  and  techniqueA.  (ilhene 
Auiiietentty  encaujuiging  neAutXA  one  obtained,  dOiect  AponAOK  Aup- 
pont  iA  genenatty  Aoticited  ^ok  ^uAtheA  development. 

The  exploratory  development  program  la  Intended  to  nurture 
the  development  of  Innovative  solutions  to  problems  In  areas  of 
Importance  to  the  Laboratory's  missions.  In  general,  projects  are 
proposed  and  carried  out  on  a part-time  basis  by  experienced  prin- 
cipal Investigators  whose  primary  responsibilities  are  to  directly 
funded  tasks.  Proposals  are  reviewed  by  the  Director  and.  If  ap- 
proved, are  assigned  a specific  level  of  effort  for  a specified 
length  of  time. 

The  exploratory  projects  are  relatively  small,  and  the 
quality  and  quantity  of  the  results  that  have  been  achieved  testify 
to  the  competence.  Industry,  and  experience  of  the  Investigators 
and  to  the  relevance  of  the  work  to  the  larger,  directly  funded 
programs  with  which  they  are  primarily  concerned.  Many  significant 
developments  could  be  cited  as  examples.  This  year.  It  Is  particu- 
larly gratifying  to  note  that  the  citation  of  the  Navy  Distinguished 
Service  Medal  recently  awarded  to  Mr.  Sverre  Kongelbeck  recognizes 
his  work  on  the  box  launcher  which  was  made  possible  by  the  explora- 
tory IR&D  program. 

The  support  of  national  defense  objectives  remains  the  pre- 
dominant activity  of  the  Laboratory,  but  effort  Is  also  devoted  to 
civilian  agencies  of  government  through  work  directly  supported  by 
such  agencies.  Accordingly,  a fraction  of  the  IR&D  program  Is  con- 
cerned with  the  exploration  of  new  concepts  and  techniques  In  non- 
DoD  areas.  Major  emphasis  continues  to  be  placed  on  topics  In 
space  science  and  engineering  and  In  biomedical  engineering.  Proj- 
ects related  to  navigation  and  air  traffic  control  and  to  safety, 
communications,  environmental  Impact,  and  energy  utilization  are 
also  pursued. 

A total  of  30  Individual  projects  were  supported  by  the 
program  during  the  past  fiscal  year,  most  of  which  are  described 
under  separate  headings  In  the  following  sections.  The  projects 
that  are  not  described  In  detail  are  very  small,  with  a total 
level  of  effort  of  less  than  2 man-years.  Nine  of  these  represent 


- 125  - 


THC  JOHNS  HOMlNS  UNIVCnsiTV 

APPLIED  PHYSICS  LABORATORY 

LAUdfL  MAAVlAMO 


the  concluding  and  final  report  preparation  phaaea  of  prevloua 
work  and  will  not  be  dlacusaed  further.  One  provldea  for  con- 
tinued participation  of  the  Laboratory  In  the  Federal  Aviation 
Admlnlatration  (FAA)  Radar  Study  Committee  (with  rapreaentatlvaa 
alao  from  the  FAA,  the  Mitre  Corporation,  and  the  Maaaachuaetta 
Institute  of  Technology  Lincoln  Laboratory) . 

Four  new  projects  Initiated  late  In  the  present  year  have 
not  yet  yielded  firm  conclusions.  The  first  of  these  addresses  a 
primary  limitation  of  existing  air  traffic  control  systems,  namely 
the  unavailability  of  consistent  and  dependable  aircraft  height 
Information.  It  Is  proposed  that  the  use  of  a passlve-recelve- 
only  height  measuring  antenna  rotating  In  synchronism  with,  but 
with  a slight  lag  with  respect  to,  the  primary  2-D  radar  will  pro- 
vide the  required  Information.  The  project  Is  designed  to  demon- 
strate the  validity  of  this  approach.  Phase  I,  the  definition  of 
the  system.  Is  now  essentially  complete,  and  procurement  of  hard- 
ware Is  In  progress. 

A second  small  effort  Initiated  late  In  the  year  explores 
a new  concept  for  a low-cost  rugged  angular  rate  sensor.  Models 
have  been  fabricated  that  appear  adequate  to  serve  as  wing  leveler 
Inputs  to  an  autopilot  for  remotely  piloted  vehicles;  they  have 
been  tested  and  Improvements  are  underway.  The  principle  of  opera- 
tion lnv..lves  the  generation  of  a laminar  Jet  of  Ionized  air  that 
Is  directed  Into  two  (or  more)  conductivity  cells;  in  the  presence 
of  angular  acceleration,  the  Jet  path  Is  deflected,  thereby  alter- 
ing the  distribution  of  the  current  carried  by  the  Jet  to  the  con- 
ductivity cells. 

The  third  project,  begun  late  In  the  year,  is  a small- 
scale  effort  to  explore  participation  with  government  agencies  In 
addressing  the  national  problem  of  relatively  low  productivity 
growth  of  the  United  States.  Agencies  concerned  Include  the 
National  Center  for  Productivity  and  Quality  of  Working  Life  (estab- 
lished by  Public  Law  94136) , the  DoD  Manufacturing  Technology  Ad- 
visory Group,  and  the  Automation  Research  Council  (funded  by  the 
National  Science  Foundation) . 

A fourth  new  project,  also  begun  late  in  the  year.  Is  con- 
cerned with  the  feaslbllty  of  devising  a small  temperature  and  pres- 
sure sensing  and  recording  device  that  would  survive  passage  through 
the  condensers  of  power  plants.  The  work  Is  motivated  by  the  need 
to  determinate  the  environmental  lnq>act  on  organisms  entrained  In 
the  cooling  water.  At  present,  no  Instrumentation  Is  available  for 
measuring  the  time  history  of  the  thermal  stress.  Prelimlnax^  con- 
siderations suggest  that  the  APL  Microwave  Electronics  Laboratory 
may  be  able  to  devise  a rugged  Instrument  package  of  less  than  2 cm 
diameter  that  would  be  capable  of  measuring  and  recording  on  the 
order  of  100  data  points  with  0.2*C  temperature  resolution  and  30 
millibar  pressure  resolution. 
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BOX  LAUNCHER  DEVELOPMENT 

A StcuidoAd  UUilte  Btast  TtAt  VzhlcJU  (BTV)  moa  iVitd 
iKom  the  APL  Eng^eeMng  Development  Modet  (EDM)  box  tamcktA.  on 
29  StptimbeA  1975.  Alt  iifUng  teAt  objtcjUvu  vkaz  accomptishzd. 
The  EDU  launches  iooa  ^letuAned  to  APL  and  an  one^^tA  made  oi  the 
bloAt  eUecti.  Shock  and  vibfuvUon  data  and  AWha  oi  the  ihung 
have  alAo  been  analyzed.  A itnat  aepoAt  oi  the  EPM  PnogAom  and 
the  teAt  ilAlng  xa  neoKing  completion. 

APL  has  for  several  years  been  engaged  In  the  development 
of  box  launcher  concepts  for  the  Navy.  The  work  resulted  in  a 
box  launcher  design  that  was  selected  by  the  Navy  In  1970  for  in~ 
stallatlon  on  1052-class  destroyers  under  the  Interlm-Surface-to- 
Surface  Missile  Capability  (ISSMC)  Program.  Following  the  ISSMC 
Program,  APL  continued  design,  development,  and  tests  of  Improved 
box  launcher  components,  structures,  and  mechanisms,  resulting  In 
the  construction  and  test  of  the  EDM  box  launcher. 

The  1975  test  firing  of  a BTV  from  the  EDM  box  launcher 
was  an  Important  milestone  In  the  APL  box  launcher  development 
program.  The  successful  test  demonstrated  the  functional  opera- 
bility of  the  launcher  and  served  to  evaluate  Its  new  and  Improved 
mechanism  designs.  Important  new  features  of  the  EDM  box  design 
are  the  unitized  launch  rail  system  with  Its  self-contained  sealed 
mechanisms  for  stowing,  arming,  and  firing  a missile  and  the  sus- 
pension of  the  launch  rail  within  the  box  structure  by  shock  and 
vibration  Isolators. 

The  test  data  revealed  no  adverse  effects  on  the  launcher 
or  the  missile  trajectory  as  a result  of  launching  the  missile  from 
the  elastic  suspended  rail,  and  Instrumentation  In  the  rail  pro- 
vided valuable  data  on  the  shock  and  vibration  patterns  generated 
during  the  firing.  All  of  the  operating  mechanisms  functioned  as 
Intended  before,  during,  and  after  the  firing,  and  a postfiring 
analysis  revealed  that  the  sealing  methods  used  to  prevent  exhaust 
gas  entry  Into  critical  areas  were  highly  effective.  The  extreme 
aft  frame  of  the  box  structure  Incurred  some  damage  from  the  hot 
exhaust  gases;  however,  this  problem  can  be  corrected  by  a minor 
change  In  the  construction  method. 

During  the  test,  the  box  launcher  was  equipped  forward 
and  aft  with  frangible  closures  of  a new  design.  An  additional 
forward  closure  was  mounted  In  close  proximity  to  and  below  the 
closure  on  the  box  to  simulate  an  adjacent  launcher  condition,  as 
would  be  encountered  where  several  boxes  might  be  closely  grouped 
In  a shipboard  Installation.  Both  forward  and  aft  closures  func- 
tioned as  Intended;  however,  the  adjacent  cell  forward  closure  was 
damaged.  Indicating  the  need  for  further  development  of  this  compo- 
nent. 
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A complete  report  of  the  EOH  development  and  of  the  re> 
suits  of  the  firing  tests  of  this  launcher  is  currently  being 
prepared. 


The  completion  of  the  EDM  launcher  firing  test  and  the 
preparation  of  the  development  and  test  report  conclude  the  re- 
cent indirectly  funded  phase  of  the  APL  Box  Launcher  Program. 
Direct  Navy  funding  support  will  be  pursued  to  estsbllsh  a final- 
ized design  to  meet  full  tactical  requirements  for  shipboard  in- 
stallations. Further  work  required  includes  correction  of  defi- 
ciencies revealed  during  the  test,  additional  shock  and  vibration 
testa  with  a dummy  Instrumented  missile  stowed  in  the  launcher, 
adaptation  of  the  launcher  for  vertical  launch  of  the  Standard 
Missile,  temperature  and  humidity  control  design  studies,  and  in- 
vestigations of  applications  for  specific  ship  types. 

Principal  Investigators:  S.  Rongelbeck  and  W.  F.  UilliaM.  Mr. 
Kongelbeck  is  APL's  Giief  Engineering  Consultant,  and 
Mr.  Williams  is  Branch  Supervisor  of  the  Mechanical 
Engineering  Branch  of  the  Engineering  Facilitlea  Division. 
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FEASIBILITY  DEMONSTRATION,  AUTOMATED  MAINTENANCE  SUPPORT  TOOL 

Aa  a ne^aXX  oi  the  IncAzoAt  in  AophlAticatcon  individ- 
ual conponentA  in  a Combat  Weo^n  SyAtan,  fiudintAA  iA  i^^usntly 
limited  bu  the  nectAAit^  to  maintain  equipment.  In  the  coAe  o£ 
Amalteji  AhipA,  the  limited  capability  to  maintain  equipment  uUtk 
a Amall  cAeio  hoA  suited  in  an  elective  ceiling  on  the  complex- 
ity o{  the  components  deployed.  TnuA,  a Aigni^ant  inoteoAe  in 
equipment  maintainability  can  fieAult  in  a dUnect  ineneoAe  in  com- 
bat eiiectiventAA.  An  Automated  Maintenance  SuppoAt  Tool  (AMST) 
can  help  to  pAovide  Auch  a capability. 

One  approach  to  a general  inprovenent  In  maintainability 
la  the  development  of  an  AMST  that  can  Interact  with  and  provide 
broad  support  to  an  operator  during  routine  maintenance  and  diag- 
nostic repair.  The  purpose  of  this  IR&D  project  was  to  develop  a 
demonstration  system  that  would 

1.  Provide  programmed  support  for  routine  maintenance 
and  standard  diagnostics  for  a given  equipment  set; 

2.  Provide  nonprograimned  access  to  technical  data,  in- 
cluding text,  drawings,  waveforms,  computations,  etc., 
to  support  troubleshooting  in  situations  for  which 

no  diagnosis  was  anticipated;  and 

3.  Provide  a mechanism  by  which  additional  programsed 
support  can  be  developed  for  an  arbitrary  equipment 
set. 


DESIGN  CONCEPT 

The  AMST  combines  the  technology  of  minicomputers  with 
that  of  micrographics.  The  minicomputer  is  used  to 

1.  Prompt  the  operator  and,  based  upon  the  operator  re- 
sponse, branch  forward  and  back  through  a program 
decision  tree; 

2.  Provide  the  operator  with  unprogramned  information 
retrieval  access  to  all  data  in  the  data  base; 

3.  Address  the  mlcrographlc  device  and  display  the  re- 
quired graphics  or  text;  and 

4.  Perform  computations  and  analysis  using  parameters 
that  have  been  retained,  keyed  in,  or  directly  inter- 
faced. 
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The  mlcr'ogrephlcs  device  is  used  to 

1.  Automaclcelly  display  graphics  and  text  which  cannot 
be  economically  retained  In  a coiq>uter  readable  for- 
mat; 

2.  Automatically  display  manuals  and  related  documents; 
and 

3.  Manually  peruae  mlcrographlc  materials. 

The  AMST  data  base  Is  a replaceable  automated  file  (e.g.^ 
magnetic  tape)  and  a mlcrographlc  file  (e.g.,  ultrafiche  cassette). 
A separate  data  base  may  be  used  for  each  class  of  equipment  to 
be  maintained. 


EQUIPMENT  CXMJFIGURATION 

The  AMST  equipment  configuration  used  for  the  demonstra- 
tion systv  n consists  of  three  units: 

1.  An  Operator  Unit  that  consists  of  the  microform  dis- 
play and  a keyboard  computer  Input  device.  All  opera- 
tor Inputs  and  outputs  are  made  via  this  unit. 

2.  A Data  Base  Unit  that  consists  of  the  microform  and 
digital  data  bases.  For  the  demonstration  system,  a 
single  data  base  with  several  demonstration  capablll- 

la  used.  The  Interchangeability  of  data  bases 
Is  also  demonstrated. 

3.  An  Electronic  Unit  that  contains  a minicomputer,  a mag- 
netic tape  device,  a microform  viewer  control  element, 
and  appropriate  interfacing.  The  demonstration  sys- 
tem uses  a permanently  mounted  unit;  however.  It  can 

be  easily  demonstrated  that  the  Electronic  Unit  can  be 
packaged  as  a portable  unit. 

The  demonstration  system  consists  entirely  of  available, 
off-the-shelf  equipment.  The  microform  viewer  selected  Is  the 
microform  Data  Systems  M-380.  This  unit  allows  random  retrieve! 
of  any  of  100  000  Images  within  4 s.  The  display  unit  and  elec- 
tronics weigh  75  lb;  the  cost  per  unit  is  In  the  $7000  range. 

The  minicomputer  being  used  for  the  demonstration  Is  a 
Computer  Automation  Alpha  LSI-2  which  Is  available  at  the  Labora- 
tory. The  demonstration  uses  a magnetic  tape  but  has  been  designed 
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also  to  use  a floppy  disk.  While  the  olnlconputer  portion  of  the 
demonstration  Is  not  now  portable,  suitable  off-the-shelf  components. 
Including  a microprocessor,  floppy  disk,  and  keyboard,  can  be  pur- 
chased for  around  $7000  and  will  weigh  under  100  lb.  Thus,  ths 
demonstration  system  satisfies  an  Initial  objective  that  an  Inexpen- 
sive, portable  unit  be  produced. 


DEMONSTRATION  DATA  BASE 

A demonstration  data  base  was  prepared  using  the  mainte- 
nance manual  for  the  AN/SPA-25B  Indicator  Group.  This  manual  was 
selected  because  It  Is  unclassified,  represents  a typical  ship- 
board electronic  component,  and  contains  a wide  variety  of  tables, 
figures,  block  diagrams,  and  foldouts. 

The  manual  Is  approximately  3 In.  thick  and  contains  some 
550  pages  plus  some  30  large  foldout  signal-flow  and  schematic 
diagrams.  The  document  was  prepared  for  filming  and  copied  onto 
ultrafiche.  A set  of  operating  Instructions  plus  some  material 
describing  the  AMST  were  also  photographed.  Finally,  an  automated 
Index  to  these  Images  was  prepared. 

Using  this  data  base,  the  AMST  demonstration  system  allows 
the  user  to 

1.  Select  any  one  of  three  data  bases  Including  the  main- 
tenance manual; 

2.  Gain  access  to  the  Table  of  Contents; 


3.  Gain  access  to  any  page  by  page  number; 

4.  Gain  access  to  any  figure  or  table  by  figure  or  table 
number; 

5.  Display  the  Index  to  the  document  by  alphabetic  re- 
trieval ; 

6.  Page  through  the  manual; 

7.  Scan  backward  and  forward  over  a foldout  figure; 

8.  Generate  a user  Index  to  pages  by  user-generated 
mnemonics ; and 

9.  Retrace  a page  selection  sequence. 
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The  demonstration  system  computer  program  has  been  defined 
as  a modular  system  that  will  allow  programmed  tree  branching  as 
well  as  random  retrievals  The  data  base  developed  for  the  demon** 
stratlon  system,  however,  makes  only  limited  use  of  this  capability. 


CONCLUSION 

The  demonstration  system  has  shown  the  feasibility  of  the 
AMST  concept.  Follow-on  activities  Include  the  development  of  other 
data  bases,  the  exploration  of  user  Interaction  with  the  system, 
the  packaging  of  a portable  unit,  and  the  expansion  to  support  com- 
putations and  test  equipment  Interfaces.  Since  the  Initial  objec- 
tives of  the  AMST  demonstration  have  been  met,  further  activities 
will  not  be  funded  as  IR&D  projects. 

Principal  Investigator;  B.  I.  Blum.  Mr.  Blum  Is  on  the  staff  of 
the  Information  Processing  and  Display  Group  of  the  Fleet 
Systems  Department. 
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KINEMATIC  PERFORMANCE  OF  AN  ADVANCED  MISSILE 

A Amotd  6hont~teAm  txptoHoJton^  tHont  urn  conducted  to 
(teteAmcne  lUmmatLc  peA^oAmancz  capabtJiUiu  o^  an  advanced  aua- 
^aec-to-cuArfumJet  (ASAR)  pAopodi-con  Ay^tem  agavut  detected 
manmveAtng-anti6hip-mi6A‘Cte.  thAcati. 

The  ramjet  propulsion  system  provides  sustained  thrust  and 
speed  to  Intercept.  In  addition  to  providing  greater  average  and 
terminal  speeds  In  many  cases,  this  characteristic  permits  greater 
flexibility  In  trajectory  shaping  compared  to  shorter  burning  rocket 
missiles,  within  constraints  Imposed  by  guidance  system  considera- 
tions. The  Investigation  employed  an  appropriately  extended  weapon 
simulation  previously  developed  by  the  Ship  Weapon  Systems  Group. 

For  reasons  of  national  security,  the  results  of  the  study  are 
classified  but  have  been  published  and  are  available  to  properly 
authorized  Individuals. 
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Principal  Investigator:  R.  W.  Constantine.  Mr.  Constantine  la  a 

senior  engineer  In  the  Propulsion  Group,  Aeronautics  Divi- 
sion. 
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SPACE  RESEARCH  AND  TECHNOLOGY 

Tfie  Labonatony  hou,  contCntwuAZy  pa/vticipattd  in  Apace 
Actence  and  ttdmology  since  the  eoAJiy  yeaju  oi  fuockeJtxy,  wfeen  I/-2 
and  Aefiobee  Aocfee^A  ^iMt  coAAied  panttcZe  detectou  above  the 
eoAth's  atmosphere  to  measuAe  pAimoAy  cosmic  Aoys,  VuAing  the 
present  period,  Space  Reseanch  activities  wefve  conducted  pninci- 
patty  by  scientists  in  the  Space  Physics  and  JnstAumentation  Gnoup 
0(5  the  LaboAotoAy.  SuppoAt  (Joa  these  activities  came  p/umoAity 
^Aom  sponsoAS  such  as  NASA,  National  Science  Foundation,  O^^ce  0(J 
Naval  ReseoAch,  and  the  Ain  FoAce  Geophysics  LaboAotoAy.  A small 
but  impoAtant  e^^oAt  suppoAted  by  JRSV  ^unds  has  aimed  at  enhanc- 
ing the  AeseoAch  effectiveness  and  advancing  state- of -the-oAt 
knouiledge  in  these  oacos. 

During  the  current  period,  the  Space  Research  and  Develop- 
ment effort  has  been  directed  toward  an  understanding  of  the  chemi- 
cal and  physical  processes  involved  in  the  earth's  atmosphere. 
Ionosphere,  and  magnetosphere  and  in  solar-terrestrial  and  inter- 
planetary phenomena.  The  objective  has  been  to  understand  the 
total  environment  of  the  earth  and  the  perturbing  effects  from 
both  natural  and  man-made  sources.  APL  scientists  collaborated 
with  scientists  from  over  a dozen  U.S.  and  International  learned 
Institutions,  Including  the  University  of  Tokyo,  the  Max-Planck 
Institutes  In  Llndau  and  Munich,  West  Germany,  the  Norwegian  De- 
fense Research  Establishment,  and  the  Ceinadlan  Department  of 
Energy , Mines , and  Resources . The  results  of  these  researches 
have  been  published  In  15  articles  In  scholarly  journals,  with  17 
more  articles  accepted  or  submitted  for  publication,  and  with  pre- 
sentation of  29  papers  at  various  symposia  and  conferences. 

Significant  advances  have  Included  the  first  hlgh-resolu- 
tlon  measurements  of  electron  energy  spectra  resulting  from  the 
photolonlzatlon  of  0 and  N2  In  the  atmosphere;  the  discovery  of 
unbalanced  field-aligned  currents  In  the  polar  regions  that  reach 
Intensities  of  millions  of  amperes;  the  discovery  of  regions  In  the 
vast  plasma  reservoir  behind  the  earth  that  can  accelerate  particles 
to  millions  of  electron  volts;  the  development  of  radio  astronomy 
techniques  for  the  prediction  of  geomagnetic  storms  that  can  produce 
disturbances  to  terrestrial  radio  transmission;  and  the  development 
of  thln-fllm  scintillation  detectors  for  the  measurement  of  elemen- 
tal composition  and  energy  spectra  of  cosmic  radiation  In  inter- 
planetary space.  Some  of  this  work  Is  described  In  the  following 
short  articles;  the  full  scope  of  activity  Is  Indicated  by  the  bib- 
liography which  follows  the  articles. 
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RADIO  ASTRONOMY  - INTERPLANETARY  SCINTILLATION 

Research  activities  during  the  present  period  have  been 
aimed  at  the  prediction  of  solar  particle  events  and  geomagnetic 
activity  using  Interplanetary  scintillation  (IPS)  observations 
from  the  University  of  Iowa  COCOA-Cross  radio  telescope  (Ref.  1). 
Preliminary  analyses  of  particular  IPS  events  (which  Indicate  dis- 
turbances In  the  solar  wind)  revealed  their  relationship  to  Iono- 
spheric absorption  (Ref.  2)  as  well  as  variations  In  solar  ener- 
getic particle  fluxes  (Refs.  3 and  4).  A comprehensive  analysis 
of  many  IPS  events  has  now  been  completed  (Ref.  5),  making  use  of 
dally  measurements  of  scintillation  Index  (m)  from  a grid  of  45 
sources  taken  June  through  December  1974.  These  sources  are 
grouped  Into  ten  "sky-boxes"  over  the  northern  ecliptic  hemisphere 
and  are  combined  for  each  day  with  the  m-value  of  the  sources  In 
each  box  into  an  IPS  activity  index  Qi  (1  ■ I,  7.,  ...,  10).  This 
new  Index,  which  ranges  from  0 for  no  IPS  to  2.0  for  large  IPS, 

Is  derived  from  a nonparametrlc  statistical  ranking  analysis  that 
compensates  for  the  differences  In  brightness  distributions  among 
the  sources.  An  example  of  the  Q-analysls  Is  shown  In  Fig.  1.  In 
the  upper  panel,  the  Qi  are  presented  In  grey  tone  (light,  0 £ Q 
< 2/3;  moderate,  2/3  Q ^ 3/4;  and  dark,  4/3  Q ^ 2).  The  mid- 
dle panel  shows  (Q)  = 0.1  Z Q^,  the  "all-sky"  IPS  activity,  as  well 
as  Q-averages  for  the  eastern,  western,  and  high-latltude  portions 
of  the  northern  ecliptic.  The  lower  panel  presents  solar-terres- 
trial data:  solar  wind  proton  density  (N)  and  velocity  (V);  inter- 
planetary magnetic  field  (IMF)  magnitude  (Bxy)  and  direction  (ij>xy) 
in  the  ecliptic;  and  the  daily  index  (Ap)  of  geomagnetic  activity. 

A statistical  analysis  shows  that  the  cross-correlation  function  of 
(q)  with  Ap  shows  a peak  at  a one-day  lag,  l.e.,  Ap  disturbance 
follows  (Q)  enhancement  by  one  day. 

It  Is  apparent  that  IPS  respond  when  hlgh-density  struc- 
tures In  the  solar  wind  sweep  over  the  earth.  This  effect,  al- 
though rather  obvious,  has  not  previously  been  discussed  In  the 
literature.  On  such  days  of  "all-sky"  IPS  enhancements,  IPS  mea- 
surements probe  only  the  local  interplanetary  environment.  These 
occasional  days,  which  are  easily  identified  by  the  Q-analysls, 
are  therefore  omitted  when  studying  distant  solar  wind  structures. 
However,  they  establish  convincingly  that  the  scintillation  Index 
at  34.3  MHz  Is  responding  primarily  to  density  (not  velocity)  en- 
hancements In  the  solar  wind.  Thus,  large  area  single-site  systems, 
such  as  COCOA-Cross,  can  provide  a probe  for  distant  density  struc- 
tures, while  smaller  multisite  systems  can  provide  the  complementary 
Information  on  velocity  structures. 

During  the  period  shown  in  Fig.  1 (November-December  1974), 
the  COCOA-Cross  source  grid  of  sources  was  relatively  Insensitive  to 
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co-rotatlng  disturbances  approaching  from  the  east,  since  the 
galactic  plane  (with  Its  higher  background  emission)  lies  In  this 
direction  late  In  the  year.  Nonetheless,  there  Is  some  evidence 
that  such  a disturbance  was  detected  following  the  five  days  of 
very  quiet  Interplanetary  conditions  preceding  day  335.  Moreover, 
it  appears  that  plasma  emission  to  the  west  of  the  sun  was  also 
detected. 


The  dally  Q±  Indexes  are  shown  In  Fig.  2 for  this  period, 
as  well  as  the  locations  of  the  ten  sky-boxes.  The  sun  Is  at  270* 
on  1 December  In  ecliptic  coordinates  where  0*  Is  the  direction  of 
the  vernal  equinox.  Sky-boxes  6,  7,  and  8 viewing  sources  west  of 
the  sun  all  detect  an  IPS  enhancement  on  days  332  and  333.  At  this 
time,  the  solar  McMath  plage  region  13343  was  west  of  central 
n^rldlan  and  producing  minor  flare  activity,  so  the  IPS  western 
activity  appears  to  be  plasma  emitted  from  this  region. 

In  the  only  sky-box  (9)  viewing  east  of  the  sun,  there  Is 
an  IPS  enhancement  on  days  333  and  334  leading  to  sustained  high 
scintillation  on  days  335  to  337  that  drops  abruptly  on  day  338. 
This  sequence  of  activity  corresponds  nicely  to  the  solar  wind  den- 
sity structure  that  swept  over  the  earth  on  days  335  to  337.  It 
presumably  would  have  been  detected  approaching  from  the  east  on 
days  333  to  334  and  could  no  longer  be  viewed  to  the  east  on  338 
(after  passing  earth).  The  western  sources  confirm  this  structure, 
since  they  do  not  fully  respond  until  days  336  to  337.  The  sug- 
gested western  plasma  emission  and  eastern  co-rotatlng  density 
structure  are  sketched  In  Fig.  2. 

Further  comparison  of  the  data  will  be  made  with  geomag- 
netic and  Interplanetary  measurements,  both  for  their  Intrinsic 
content  as  well  as  to  refine  the  analysis  techniques  for  data 
available  In  1975  and  1976.  A basic  tool  for  this  work  Is  the  re- 
cent simplification  of  weak-scatterlng  IPS  theory  (Ref.  6).  Iden- 
tification of  the  dominant  role  of  solar  wind  density  structures 
In  IPS  Is  an  Important  step  toward  a reliable  prediction  technique. 
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FIELD-ALIGNED  CURRENTS 

Since  Its  launch  In  September  1972,  the  Navy/APL  TRIAD 
satellite  has  provided  the  only  hlgh-resolutlon  vector  magnetic 
measurements  at  low  satellite  altitudes  (~  800  km)  for  studies  of 
auroral.  Ionospheric,  and  magnetospherlc  phenomena.  The  principal 
conclusions  determined  from  studies  of  these  data  during  this 
period  Include  the  following. 

Large-scale  field-aligned  currents  comprise  a permanent 
feature  In  the  hlgh-latltude  region  and  are  concentrated  In  two 
principal  areas  encircling  the  geomagnetic  pole,  diagrammed  In 
Fig.  1 (from  Ref.  1):  region  1 located  near  the  poleward  edge  of 
the  field-aligned  current  region  and  region  2 located  near  the 
equatorward  part.  The  region  1 currents  flow  Into  the  Ionosphere 
In  the  morning  sector  and  away  from  the  Ionosphere  In  the  evening 
sector,  whereas  the  region  2 currents  flow  In  the  opposite  direc- 
tion at  any  given  local  time.  The  region  1 currents  appear  to 
persist  even  during  quiet  geomagnetic  conditions  and  dominate  on 
the  dayslde,  whereas  the  region  2 currents  dominate  on  the  night- 
side  and  are  correlated  with  auroral  electrojet  Intensification. 
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Currents  into  Ionosphere  0 

Currents  Away  from  Ionosphere 

Fig.  1 Regions  and  Directions  of  Large-Scale  Field-Aligned  Currents  Determined 
by  lijima  and  Potamra  (1976  (Ref.  1 and  5))  with  the  Following 
Superimposed;  (1)  MBW,  35  keV  Electron  Background  Boundary 
for  Kp  < 3 from  McDiarmid  et  al.  (Ref.  3),  (2)  MBB  Region  of  Peak 
ISOeV  Electron  Fluxes  from  McDiarmid  et  al.  (Ref.  3),  (3)  SP 
Region  of  Most  Probable  Occurrence  of  Net  Field-Aligned  Current 
Directed  Away  from  the  Ionosphere  from  Sugiura  and  Potemra, 
and  (4)  TPP  tiw  Evening  Region  Studied  with  the  Homer  Radar  and 
TRIAD  Magnetometer  Data  from  Tsunoda  et  al.  (Ref.  4) 
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Net  field-aligned  currents,  that  Is,  regions  where  the 
current  directed  Into  the  Ionosphere  Is  unequal  to  the  current 
directed  away  from  the  Ionosphere,  have  been  discovered  with  the 
TRIAD  satellite  (Ref.  2).  At  any  given  magnetic  local  time  (MLT) , 
the  current  directions  are  the  same  as  those  determined  earlier 
(Ref.  1) , but  the  current  Intensity  at  the  poleward  edge  of  the 
auroral  region  (referred  to  as  "region  1")  Is  statistically  larger 
than  the  oppositely  directed  current  at  the  equatorward  edge.  The 
largest  net  current  occurs  statistically  In  the  late  afternoon 
near  1500  MLT.  This  region  roughly  agrees  with  the  peak  150  eV 
electron  Intensities  determined  from  ISIS-2  particle  observations 
(Ref.  3). 

Radar  auroras  observed  with  the  398-MHz  phased-array  radar 
located  at  Homer,  Alaska,  have  been  compared  with  field-aligned 
currents  detected  by  TRIAD  on  an  event-by-event  basis  In  the  1800 
to  2100  MLT  sector  (Ref.  4)  (diagrammed  In  Fig.  1).  The  results 
of  this  study  Include 

1.  The  downward  field-aligned  currents  In  the  evening 
sector  are  closely  associated  with  diffuse  radar 
auroras  and  the  eastward  electro jet; 

2.  The  upward  field-aligned  currents  In  the  same  time 
sector  are  associated  with  the  visual  aurora; 

3.  Part  of  the  two  oppositely  directed  field-aligned  cur- 
rents are  connected  In  the  Ionosphere  by  a Pedersen 
current  driven  by  a poleward-directed  electric  field 
applied  across  the  field-aligned  current  region; 

4.  Radar  auroral  echoes  are  not  observed  when  the'  field- 
aligned  current  Intensity  Is  less  than  ~0.16  amp/m, 
which  may  represent  an  Important  threshold  current 
level  for  the  physical  process  producing  the  auroral 
echoes;  and 

5.  During  periods  of  disturbed  geomagnetic  conditions  an 
Imbalance  In  the  Intensities  of  the  field-aligned  cur- 
rents Is  noticeable  In  the  evening  sector,  with  the 
outward  field-aligned  current  at  the  poleward  boundary 
greater  than  the  current  at  the  equatorward  boundary. 

The  final  point  supports  the  conclusions  of  Suglura  and  Potemra 
(Ref.  2)  and  Iljlma  and  Potemra  (Ref.  1)  concerning  net  field- 
aligned  currents. 

The  location  and  directions  of  field-aligned  currents  In 
the  cusp  region  are  also  shown  in  Fig.  1 (Ref.  5).  The  35-keV 
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electron  background  boundary  for  Kn  ^ 3 also  shown  In  this  figure 
(Ref.  6)  has  often  been  Interpreted  as  the  limit  of  closed  field 
lines.  If  used  In  the  same  context  here,  this  would  Imply  that 
the  large-scale  field-aligned  currents  flow  on  closed  field  lines, 
whereas  the  cusp  region  field-aligned  currents  are  associated  with 
the  magnetospherlc  boundary. 
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NEW  SATELLITE  INSTRUMENTATION 

A program  of  research  Is  presently  directed  toward  the  de- 
tection and  analysis  of  the  energetic  particle  population  In  plane- 
tary magnetospheres  and  In  Interplanetary  space.  The  experimental 
program  Involves  measuring  the  elemental  composition  and  energy 
spectrum  of  cosmic  radiation  using  the  advanced  technique  of  three- 
parameter  analysis  (dE/dx,  total  energy,  and  time  of  flight).  Past 
effort  has  Included  the  development  of  thln-fllm  scintillation  de- 
tectors and  the  evolution  of  a three-parameter  solid-state  detector 
telescope  (based  on  2 pm-thlck  front  elements)  chosen  for  flight  on 
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the  Electrodynamics  Explorer  Satellite  Mission.  Present  and 
future  developmental  efforts  are  Increasingly  based  on  using  ex- 
tremely thin  foils  (*R  10  pg/cm2)  as  telescope  front  elements, 
with  particle  detection  via  analysis  of  secondary  electrons 
emitted  when  Incident  particles  penetrate  the  foil. 

Figure  1 shows  schematically  an  Ion  telescope  that  can 
measure  particle  fluxes  above  30  keV  with  excellent  elemental  reso- 
lution over  a very  broad  energy  range.  Ions  Incident  through  the 
collimator  pass  through  a thin  secondary  emission  foil  («r  10  ug/ 
cm2}  and  are  detected  In  the  solid  state  detector  D2  (D3  Is  an 
anticoincidence  detector  that  serves  to  reduce  background  count 
rates) . Secondary  emission  electrons  ejected  from  the  foil  are 
accelerated  to  a mlcrochannel  array  plate  that  serves  as  a second- 
ary electron  detector,  generating  a fast  timing  signal  coincident 
with  the  passage  of  the  energetic  Ion,  and  both  a fast  timing  sig- 
nal (lO-ns  shaping  time)  and  a slower  energy  signal  are  derived 
from  D2.  The  telescope  thus  measures  the  particle's  total  energy 
and  Its  time  of  flight  over  the  7.5-cm  separation  between  the  foil 
and  D2.  Incident  Ions  can  be  uniquely  characterized  by  these  two 
Independent  parameters  (energy  and  velocity) . This  Instrument  will 
be  able  to  characterize  the  nucleonic  component  of  the  trapped 
radiation  In  terms  of  flux,  energy  spectra,  pitch  angle  distribu- 
tion, and  elemental  composition. 

Broom  magnet 
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Fig.  1 Time  of  Flight  (TOF)  Ion  Telescope 
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T.  A.  Potemra  and  T.  Iljlma,  "The  correlation  of  hlgh-latltude 

field-aligned  currents  with  the  geomagnetic  field  and 
the  Interplanetary  magnetic  field." 

E.  C.  Roelof  and  E.  P.  Keath,  "Magnetic  field  line  merging  signa- 

tures In  50  keV  proton  events." 

The  following  were  presented  at  the  Spring  Annual  Meeting  of  the 
American  Geophysical  Union,  Washington,  DC,  April  1976. 

C.  0.  Bostrom,  E.  T.  Sarrls,  S.  M.  Krlmlgls,  T.  Iljlma,  and  T.  P. 
Armstrong,  "Location  and  characteristics  of  the  source 
of  magnetospherlc  energetic  particle  bursts  In  the  vicin- 
ity of  the  neutral  sheet  by  multlspacecraft  observations." 

J.  P.  Doering,  W.  K.  Peterson,  C.  0.  Bostrom,  and  T.  A.  Potemra, 
"Mew  high  energy  resolution  measurements  of  the  daytime 
photoelectron  energy  spectrum  from  Atmosphere  Explorer-E." 

R.  E.  Gold,  S.  M.  Krlmlgls,  and  E.  C.  Roelof,  "The  predominance  of 

spatial  structures  In  low  energy  particle  events  1972- 
1974." 

B.  L.  Gotwols,  R.  E.  Gold,  S.  M.  Krlmlgls,  and  E.  C.  Roelof, 
"Association  at  1.0  and  4.5  AU  of  Jovian  electron 
events  with  solar  wind  streams." 

T.  Iljlma  and  T.  A.  Potemra,  "Large  scale  characteristics  of  field- 
aligned  currents  associated  with  substorms." 

E.  P.  Keath,  T.  Iljlma,  and  E.  C.  Roelof,  "Association  of  high  In- 
tensity bursts  of  ~ 50  keV  protons  and  electrons  In  the 
dusk  plasmasheet  near  35  R^  with  substorm  Intensification 
of  the  westward  auroral  electro jet." 

J.  W.  Kohl,  S.  M.  Krlmlgls,  T.  P.  Armstrong,  and  R.  Lepplng,  "A 
magnetosheath  burst  of  predominantly  medium  nuclei  ob- 
served with  Explorer  50." 

S.  M.  Krlmlgls,  E.  T.  Sarrls,  and  T.  P.  Armstrong,  "Evidence  for 

closed  magnetic  loop  structures  In  the  Interplanetary 
medium. " 

V.  L.  Patel,  R.  J.  Greaves,  S.  A.  Wahab,  and  T.  A.  Potemra,  "Cor- 
related mlcropulsatlon  events  In  the  magnetosphere  and 
surface  observations." 
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W.  K.  Peterson,  J.  P.  Doering,  T.  A.  Potemra,  and  C.  0.  Bostrom, 
"Observations  of  low  energy  (0-500  eV)  electrons  In  the 
polar  region  from  AE-D. " 

T.  A.  Potemra,  C.  0.  Bostrom,  J.  P.  Doering,  and  W.  K.  Peterson, 
"Weak  acceleration  processes  In  the  auroral  Ionosphere 
Inferred  from  AE-C  low  energy  (0-500  eV)  electron  obser- 
vations." 

E.  C.  Roelof,  R.  E.  Gold,  S.  M.  Krlmlgls,  and  P.  S.  McIntosh, 
"Association  of  a nearly  Identical  recurrent  event  of 
~ 1 MeV  He  nuclei  with  coronal  magnetic  structure  over 
5 solar  rotations." 

E.  T.  Sarrls,  C.  0.  Bostrom,  and  T.  Aggson,  "Evidence  on  the  accel- 
eration of  energetic  protons  by  sporadic  DC  electric 
fields  In  the  plasma  sheet." 

M.  Suglura,  T.  Iljlma,  and  T.  A.  Potemra,  "Characteristics  of 

field-aligned  currents  as  determined  from  the  TRIAD  mag- 
netometer observations." 


The  following  were  presented  at  the  International  Symposium  on 
Solar-Terrestrial  Physics,  Boulder,  Colorado,  June  1976. 

R.  E.  Gold,  S.  M.  Krlmlgls,  and  E.  C.  Roelof,  "Energy,  rigidity 

and  charge-independent  solar  particle  events  1972-1974." 

R.  E.  Gold,  B.  L.  Gotwols,  S.  M.  Krlmlgls,  and  E.  C.  Roelof, 

"Relationship  between  Jovian  electron  events  and  solar 
wind  streams  at  1.0  and  4.5  AU." 

B.  L.  Gotwols,  R.  E.  Gold,  D.  G.  Mitchell,  E.  C.  Roelof,  W.  M. 

Cronyn,  F.  T.  Ersklne,  and  S.  D.  Shawhan,  "Interplane- 
tary radio  scintillation  spectra  observed  at  34.3  MHz 
and  turbulence  In  the  solar  wind." 

S.  M.  Krlmlgls,  E.  T.  Sarrls,  and  T.  P.  Armstrong,  "Evidence  for 

closed  magnetic  loop  structures  In  the  Interplanetary 
medium. " 

W.  K.  Peterson,  J.  P.  Doering,  T.  A.  Potemra,  and  C.  0.  Bostrom, 
"Observation  of  low  energy  (0-500  eV)  electrons  In  the 
polar  region  from  AE-C  and  AE-D:  Identification  of  the 
dayslde  cusp." 

T.  A.  Potemra  and  T.  Iljlma,  "Characteristics  of  large  scale  field- 

aligned  currents:  Possible  source  mechanisms." 
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E.  T.  Sarrla,  S.  M.  Krinigla,  T.  Iljlna,  C.  0.  Boatrom,  and  T.  P. 

Amatrongf  Location  and  charactarlatlcs  of  the  source  of 
magnetospherlc  energetic  particle  bursts  In  the  vicinity 
of  the  neutral  sheet  by  multlspacecraft  observations." 

M.  Suglura  and  T.  A.  Potemra,  "Variability  of  the  field-aligned 

currents  deduced  from  the  TRIAD  magnetometer  observations." 
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SATELLITE-AIDED  SEARCH  AND  RESCUE  SYSTEM 

In  fiuponit  to  an  tn^onmal  mque^t  NASA  HzadquanteJU , 
the  Space  Vevetopment  VepoAtment  coA/Ued  out  a ieaiibiJUty  itudy 
£oa  a ioteJUUtz  At/A^em  to  idejntiiy  and  locate  emergency  nicuUo  bea- 
cons fieqvujied  to  be  coAAted  on  cuacao.^  and  6tUp6. 

All  aircraft  and  certain  marine  vessels  are  required  to 
carry  emergency  radio  beacons  that  are  activated  automatically 
(e.g.,  on  Impact)  or  manually.  They  radiate  at  121.5  MHz  and/or 
243  MHz  and  are  usually  amplitude  modulated  with  a swept  tone  be- 
tween 300  and  1600  Hz  (sweep  rate  ~ 2 to  4 Hz) . There  are  upwards 
of  50  models  of  these  Emergency  Locater  Transmitters  (ELT's)  on 
the  market  which  vary  considerably  In  performance  and  specifica- 
tions. It  Is  generally  agreed  that  ELT's  are  a significant  aid 
In  search  and  rescue  operations.  The  basic  problem  In  realizing 
the  full  capability  of  the  ELT  Is  that  of  detection  and  location. 

At  present,  the  principal  listeners  are  commercial  airline  pilots 
(on  a voluntary  basis).  Without  direction  finding  equipment,  they 
can  locate  an  ELT  only  within  a 300-mlle  radius  (280  000  square 
mile  area).  A satelllte-bome  ELT  detection  system  appears  to 
offer  the  most  cost-effective  means  of  routine  monitoring  of  the 
emergency  bands  over  large  (perhaps  global)  areas  and  can  provide 
relatively  precise  position  determination  through  Doppler  naviga- 
tion. 

The  preliminary  study  carried  out  by  the  Laboratory  ex- 
amined all  aspects  of  a satellite-aided  search  and  rescue  program. 
From  a systems  viewpoint.  Improvement  Is  needed  In  all  areas, 
much  of  which  will  have  to  come  through  regulation,  education, 
standards,  and  enforcement.  The  APL  study  first  addressed  the 
requirements  and  objectives  of  an  operational  system  Including 
orbit  and  constellation  tradeoffs;  ground  station  equipment  and 
network;  the  use  of  transponders  and  on-board  processing  of  data; 
estimates  of  detection  times  and  position  determination  accuracy 
for  existing  and  Improved  ELT's;  and  a conceptual  design  of  an 
operational  spacecraft  Including  subsystem  performance  require- 
ments. 


Based  on  this  operational  concept,  a preliminary  design 
of  a satellite  was  developed  to  demonstrate  the  key  features  of 
an  operational  system  and  to  Investigate  some  of  the  uncertainties 
in  the  system,  particularly  In  the  area  of  radio  frequency  Inter- 
ference and  traffic  on  the  emergency  frequencies.  The  proposed 
design  assumed  the  use  of  an  existing  Transit  satellite  as  a "bus" 
which  contains  many  of  the  basic  subsystems,  to  which  Is  added  an 
Instrument  module  consisting  of  an  antenna  array,  a multichannel 
bent-pipe  transponder,  a demonstration  onboard  processor,  and 
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other  mission-unique  subsystems.  The  design  was  carried  out  to 
a level  of  detail  sufficient  to  make  reliable  weight  and  power 
estimates  and  to  develop  a preliminary  schedule  and  cost  plan. 

The  orbital  configuration  of  the  satellite  Is  shewn  In 
Fig.  1,  and  the  antenna  footprints  on  the  earth's  surface  are 
shown  In  Fig.  2. 

The  ground  station  was  designed  to  be  self  contained  and 
portable  In  order  to  allow  study  of  radio  frequency  Interference 
In  various  parts  of  the  world  and  to  permit  operational  use  of 
the  demonstration  satellite  following  a period  of  testing  and 
software  development.  Many  detailed  studies  were  conducted,  such 
as  the  careful  evaluation  of  two  current  models  of  ELT'e.  A 
visit  to  the  Air  Force  Rescue  Coordination  Center  (RCC)  provided 
some  appreciation  of  the  real  problems  faced  by  this  group  and  of 
the  potential  benefits  of  a satellite-aided  search  and  rescue  sys- 
tem. 


The  results  of  the  API  study  were  presented  to  NASA  rep- 
resentatives at  Goddard  Space  Flight  Center  In  May  1976.  This 
was  followed  by  a letter  from  NASA  to  the  Navy  Strategic  Systems 
Projects  Office  and  a subsequent  meeting  to  explore  the  availabil- 
ity of  a Transit  satellite  for  use  In  this  program.  NASA  has  also 
looked  Into  Installing  a simpler  system  on  existing  operational 
weather  satellites,  and  the  final  program  may  well  be  International 
since  Canada  has  a strong  Interest  In  this  problem  and  has  been 
studying  It  Independently. 

Investigators;  The  study  was  carried  out  by  the  staff  of  the  Space 
Development  Department.  It  was  coordinated  by  C.  0. 
Bostrom,  Chief  Scientist,  and  R.  E.  Flschell,  Chief  Engi- 
neer. 
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GLOBAL  POSITIONING  SYSTEM  PACKAGE 

The  ApptUd  Vhyilu  LabofuvtoKy  dzvzZoping  the.  Global 
PoAttconing  System  Pacfeoge  (GPSPAC)  (Joa  the  Ve£en6e  Mapping  Agency 
IVMA)  to  pAovide.  Acal-time  position  ^xcA  aboard  a neoA-eoAth  &at- 
eJtlite  hoAt  vehicle,  uAing  AignalA  neceived  inom  the  GPS  Naviga- 
tion Satellite  TAocking  and  Rong^g  Global  PoAitioning  SyAtem 
(NAI/CTAR)  conAtellation  oi  AotelliteA,  GPSPAC  utiU  conAiAt  oi  a 
KejCjeiveAl pAoceAAoA  oAAembly  (R/PA),  being  pAocuAed  ^Aom  Magnavox, 
pluA  a Atable  oAcillatoA  and  an  ontennalpAeampli^eA  oAAembly 
which  APL  will  deAign,  (obAicate,  and  tcAt.  GPSPAC  will  oIao  in- 
teA^ace  with  the  poweA,  command,  telemetAy,  theAmal,  and  mechani- 
cal AyAtemA  oi  the  hoAt  vehicle;  APL  will  pAovide  AuppoAt  in  thcAe 
OAeOA. 


The  GPSPAC  program  began  with  a study  of  the  feasibility 
of  designing  a navigation  set  that  would  be  flown  on  a host  near- 
earth  spacecraft  and  would  use  the  NAVSTAR  GPS  signals  to  compute 
the  host  vehicle  position  and  velocity.  The  study  concluded  with 
the  Issuance  of  a study  report  (Ref.  1)  that  established  the  feasi- 
bility of  the  concept. 

Effort  wEis  then  directed  at  determining  suitable  contrac- 
tors, involved  In  other  GPS-related  work,  who  might  be  requested 
to  bid  on  the  design  and  development  of  an  R/PA.  Effort  was  ex- 
pended toward  this  end  In  the  preparation  of  a specification  de- 
scribing the  proposed  operation  of  the  R/PA. 

Work  following  March  1976  has  been  funded  by  DMA  and  Is 
not  reported  here. 

Investigators;  The  study  was  carried  out  by  the  staff  of  the 

Space  Development  Department  under  the  general  direction 
of  Mr.  R.  W.  Larson,  Manager  of  the  Space  Development 
Programs . 

Reference 


1.  "Study  Report:  Combined  NAV/GPSPAC  Spacebome  Navi- 
gation Set,"  APL/JNU,  Space  Development  Department 
Report  SDO  4221,  September  1975. 
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SUPPORT  OF  BIOMEDICAL  ENGINEERING  PROGRAMS 

VvJUng  the.  peat  ye/VL,  txplofvatoKy  pna^uuna  tn  bto~ 
mexUcat  engtne&Atng  coAAiexl  out  uxith  tht  help  oi  JMV  ^imdt. 
An  tmpoKtant  advance  tn  tntA/xcAonAAt  pfuuiuAe.  lending  hoA  been 
made,  utith  the  design  a device  that  pfu>mlie&  to  eSZevtate  paob- 
tem  0^  fiz^eMnce  pKeMuJie  ^tabitity;  iouA  unita  have  been  con- 
6tfuicted  and  c^e  cuAJientty  undeAgotng  evatuation  tn  teat  anOnaZa. 
A^eji  projecting  the  mecUcat  Information  proceaalng  neecU  of  the 
Cancer.  Center  of  the  Johna  Hopklna  Hoapltat,  we  designed  and  e&tl- 
mated  the  coat  of  a computer  ayaten  to  meet  theae  needa.  Pilot 
aupport  woA  cZao  obtained  for  atudlea  of  echocardiography  of  heart 
motion.  The  fourth  and  fifth  projecta  were  of  extremety 
limited  acope;  one  explored  the  feaalbltity  of  developing  a proto- 
type endotracheal  tube,  and  the  other  aupported  the  preparatory 
work  for  an  NJH  alte  vlalt  concerned  with  a propoaed  Specialized 
Center  of  Peaearch  In  Arterloacleroala. 


INTRACRANIAL  PRESSURE  MEASUREMENT 

The  Intracranial  pressure  transsensor  previously  developed 
at  APL  compares  cranial  pressure  to  that  of  an  entrapped  volume  of 
gas  contained  within  the  transsensor  Itself.  The  output  of  this 
device  must  be  corrected  for  barometric  pressure  changes  as  well 
as  changes  In  body  temperature. 

A new  type  of  pressure  transsensor  has  now  been  developed 
that  measures  Intracranial  pressure  more  directly  by  comparing  the 
pressure  within  the  cranium  to  that  Immediately  outside  the  skull. 
This  Implant  has  no  Internal  air  entrapment  and,  therefore,  no 
problem  of  long-term  pressure  stability.  It  Is  also  Insensitive 
to  barometric  pressure  and  body  temperature  changes.  It  Is  a 
Lexan  cylinder,  both  ends  of  which  are  very  thin  and  capable  of 
transmitting  a pressure  to  the  Interior  of  the  element  with  essen- 
tially no  attenuation.  The  slllcone-oll-fllled  region  within  this 
plastic  enclosure  Is  separated  Into  two  noncommunicating  compart- 
ments by  a single  nickel  bellows.  As  In  the  case  of  the  previous 
transsensor,  the  bellows  forms  a pressure-sensitive  capacitance  In 
a passive  circuit  whose  natural  frequency  Is  a function  of  pressure. 
The  gauge  pressure  trans sensor  Is  mounted  In  the  plane  of  the  skull 
with  one  end  resting  against  the  dura  while  the  other  end  Is  ex- 
posed to  the  subscalp  pressure  outside  the  cranium.  In  this  way, 
the  deflection  of  the  bellows  Is  a direct  measure  of  Intracranial 
pressure . 


Four  gauge  pressure  transsensors  are  currently  Implanted 
In  dogs  to  determine  the  length  of  time  that  the  subscalp  pressure 
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as  seen  by  the  outer  end  of  the  Implant  Is  an  acceptable  represen- 
tation of  atmospheric  pressure. 


THE  JCHINS  HOPKINS  CANCER  CENTER  COMPUTER  SYSTEM 

A computer  system  design  and  funding  estimate  was  pre- 
pared for  the  Cancer  Center,  which  Is  presently  under  construction 
as  an  addition  to  the  Johns  Hopkins  Hospital.  An  examination  of 
the  new  center's  medical  Information  processing  needs  was  carried 
out  and  then  translated  Into  a computer  system  designed  to  auto- 
mate most  of  the  manual  processes.  Such  areas  as  doctors'  orders, 
medication  logs  and  schedules,  the  Cancer  Center  pharmacy,  patient 
data,  supply  management,  research  functions,  and  Interconnection 
with  other  computers  in  the  hospital  were  addressed.  A series  of 
working  papers  were  produced  and  used  for  a presentation  to  the 
Cancer  Center  management  and  the  Department  of  Biomedical  Engineer- 
ing. 


ECHOCARDIOGRAPHY  OF  ARTERIAL  WALL  MOTION 

In  collaboration  with  Dr.  James  Weiss,  Frank  T.  McClure 
Fellow  In  Cardiology  and  Assistant  Professor  of  Cardlov2iscular 
Medicine  at  the  Johns  Hopkins  Medical  Institutions  (JHMI) , echo- 
cardlographlc  data  were  obtained  on  both  volunteers  and  patients 
under  exercise  conditions,  and  data  processing  techniques  were 
developed  to  quantify  left  ventricular  wall  motions.  In  addition, 
experiments  have  been  conducted  to  define  appropriate  processing 
techniques  for  a phased-array  cardiac  scanning  system  which  will 
be  In  operation  at  JHMI  in  October  1976.  A paper  entitled  "Evi- 
dence of  Frank-Starllng  Effect  In  Man  During  Maximal  Semlsuplne 
Exercise"  will  be  presented  at  the  49th  Scientific  Session  of  the 
American  Heart  Association  in  November  1976. 

Principal  Investigators ; J.  G.  Chubbuck  (Intracranial  pressure 

measurement) , R.  B.  McDowell  (Cancer  Center  computer  sys- 
tem) , and  J.  B.  Garrison  (echocardiography).  Mr.  Chubbuck 
is  a senior  engineer  and  Supervisor  of  the  Medical  Systems 
Section  of  the  Control  Systems  Group  In  the  Fleet  Systems 
Department.  Mr.  McDowell  Is  the  Group  Supervisor  of  the 
Computer  Engineering  Group  of  the  McClure  Computing  Center. 
Dr.  Garrison  Is  a senior  physicist  on  the  Director's  staff. 
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COMPUTER-AIDED  HEMODYNAMIC  MONITORING  UNIT 

A matt  ziioHt  IM6  de.\fotexl  to  compttting  the.  dt&tgn  and 
pfuttminany  co^t  eitinate  ^OK  iabfucating  a poKtabte  computeJi- 
atded  hemodyrumLc  mont^Aing  unit.  The  eiioHt  (006  initiated  dwUng 
the  t/ut  Ae^nting  peAiod  06  an  outgAototh  ojj  the  computeAized  hemo- 
dynamic monitoAing  iyitem  deuetoped  by  the  LaboAotoAy  {^oa  the  Myo- 
coAdiat  JnioAction  ReieoAch  Unit  (M7RU). 


Upon  conpletlon  of  prellnlnary  design  and  the  Identifica- 
tion of  several  physicians  Interested  in  performing  clinical  trials 
of  such  units  in  a variety  of  clinical  environments,  cost  estimates 
for  farblcatlng  from  one  to  four  units  were  made.  At  that  time.  It 
was  found  that  Industry  was  Initiating  similar  studies,  that  there 
was  considerably  less  need  for  exploration  efforts,  or  for  demon- 
stration of  the  units'  clinical  usefulness,  and  that  accordingly 
It  was  difficult  to  justify  the  commitment  of  clinical  staff  and 
resources  to  complete  clinical  trials  with  such  units  not  directly 
related  to  a commercial  prototype.  Accordingly,  this  effort  has 
been  terminated  with  the  conclusion  that  Industry  shows  promise  of 
meeting  this  need  adequately. 
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OCEAN  THERMAL  ENERGY  SYSTEM 

Foa  AeveAod  yexvu  the.  LahoKotofty  hoi  be.en  engaged  tn  ex- 
pZo/Ung  ocean  themaJt  energy  conveuton  oa  a pnomutng  rneam 
utttcztng  6otaA.  ene^y,  pnAsncuu^  thAough  InvcitigatlonA  iuppoAted 
by  ERPA  and  the  MaAtXime  AdmintitAotion.  VuAtng  the&e  invutiga- 
tton6,  tedwotoglcaJL  quc&tiom  weAe  uncoveAed  ^oA  which  the  Aup- 
poAt  allowed  no  expencUtuAe  o^  e{^oAt  to  obtain  oniweAi.  One  iuch 
queitlon  oonccAn&  AtAotl^aatlon  0(J  ^low  and  IXi  eiiecti  in  OTEC 
neat  exchanges.  VuAlng  the  pAe&ent  yeoA,  an  IRfiP  pAoject  Inoe/i- 
tigated  a AtAati^catlon  pAoblem  expeAlmentally  and  ^ound  that 
^atii^actoAy  ACiulti  could  be  obtained  pAovlded  that  the  heat 
exchanges,  tubei  OAe  slightly  tilted. 

The  tropical  oceans  develop  a temperature  difference  of 
about  40*F  between  the  sun-warmed  surface  waters  and  the  cold  water 
at  depth  returning  from  melting  arctic  Ice.  OTEC  makes  use  of  this 
stored  solar  energy  temperature  gradient  to  operate  a closed  Ranklne 
cycle  engine  for  the  production  of  electric  power,  which.  In  turn, 
may  be  used  to  manufacture  ammonia,  aluminum,  hydrogen,  and  other 
energy-intensive  products , resulting  In  a large  saving  In  energy 
now  required  from  other  sources.  Prevlotis  reports  have  described 
the  Initiation  of  the  work  at  AFL,  the  results  of  two  projects 
sponsored  by  ERDA,  one  supported  by  the  Maritime  Administration 
(MARAO) , and  Indirectly  funded  (IR&D)  exploratory  Investigations. 
Through  this  work,  and  through  contributed  cooperative  effort  from 
Sun  Shipyard  and  Drydock  Company,  Kaiser  Aluminum  and  Chemical 
Corporation,  Teledyne  Corporation,  Hydronautlcs , and  other  Indus- 
trial organizations,  the  Laboratory  has  achieved  a leading  position 
In  the  OTEC  field. 

The  design  of  heat  exchangers  for  OTEC  systems  poses  sev- 
eral problems  that  are  different  from  those  usually  encountered. 

For  example,  the  relatively  small  temperature  difference  between 
surface  water  and  deep  water  falls  below  the  range  for  which  experi- 
mental data  are  available  to  predict  performance.  Moreover,  since 
the  ocean's  thermal  energy  Is  available  at  no  Intrinsic  cost,  OTEC 
heat  exchangers  are  to  be  optimized  for  overall  plant  cost  rather 
than  maximum  heat  transfer  efficiency.  At  the  beginning  of  the 
present  period,  a study  of  least-cost  heat  exchanger  design  was 
completed  for  ERDA  (Ref.  1}  based  on  extrapolations  of  empirical 
correlations.  The  resultant  design  proposes  ammonia  as  the  work- 
ing fluid  and  calls  for  heat  exchangers  using  large  diameter  alumi- 
num tubes  with  horizontal  tube  runs  folded  In  a vertical  plane  and 
operating  In  parallel  with  similar  tube  elements  to  produce  piping 
cover  for  both  the  evaporator  and  condenser.  This  design  allows 
removal  of  Individual  segments  for  cleaning,  repair,  or  replacement. 
Figure  1 shows  a power  module  baaed  on  this  design  principle.  The 
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comprehensive  study  provides  the  analytical  basis  from  which  a 
rational  design  of  OTEC  heat  exchangers  can  be  derived. 

The  correlations  used  In  Ref.  1 were  obtained  by  extrapo- 
lation from  the  literature,  where  they  were  generally  derived  from 
experiments  on  smaller  diameter  tubes,  higher  temperature  differ- 
ences, and  different  working  media  than  those  proposed  for  the  OTEC 
heat  exchangers.  These  extrapolated  correlations  led  to  quite  at- 
tractive Initial  performance  estimates,  justifying  the  validity  of 
the  API  design  approach.  Before  the  analysis  could  be  trusted  for 
actual  equipment  design  considerations,  however.  It  would  be  nec- 
essary to  confirm  the  applicability  of  the  correlations  to  OTEC 
conditions,  and  this  could  only  be  done  by  direct  experimentation. 
Consequently,  ERDA  sponsored  experiments  (Refs.  2 and  3)  on  the 
two-phase  flow  of  ammonia  Inside  a single  horizontal  tube  with  the 
objective  of  measuring  the  overall  ammonla-slde  heat-transfer  coef- 
ficients for  comparison  with  predicted  analytical  correlations. 

Initial  tests  revealed  significant  discrepancies  with  pre- 
dicted behavior,  and  the  present  IR&D  project  was  initiated  to  un- 
cover the  cause.  The  explanation  was  traced  to  stratification  or 
Intermittent  flow  which  occurs  to  some  extent  under  all  conditions 
appropriate  to  OTEC.  A simple  remedy  was  found  by  slightly  tilting 
the  system  by  0.5“  or  less.  Remaining  stratification  In  the  tilted 
configuration  does  not  reduce  the  overall  tube  heat  transfer  greatly, 
and  the  Chaddock  and  Brunneman  correlation  (used  In  Ref.  1)  was 
found  to  predict  the  two-phase  heat-transfer  coefficients  for  am- 
monia with  acceptable  precision.  However,  the  stratification  flow 
phenomena  should  be  characterized  In  more  detailed  tests  at  design 
and  off-deslgn  operating  conditions,  which  can  be  done  with  the 
existing  Internal-flow  test  apparatus  by  replacing  some  instrumen- 
tation. Also,  the  occurrence  of  nucleatlon  In  the  subcooled  flow 
should  be  characterized  In  more  detail,  especially  with  respect  to 
the  point  where  it  begins.  This  will  require  some  additional  In- 
strumentation. Overall,  the  IR&D  effort  has  assisted  the  ERDA- 
funded  program  in  providing  demonstration  of  generally  satisfactory 
heat  exchanger  operation  in  a hitherto  unexplored  regime. 

The  IR&D  program  also  contributed  to  the  dissemination  of 
results.  Two  additional  reports  on  OTEC  heat  exchangers  have  been 
written  — Ref.  4,  describing  the  current  expected  design  of  the 
heat  exchangers  for  a plant  ship,  and  Ref.  5,  on  two-phase-flow 
heat  transfer. 

Principal  Investigators;  H.  L.  Olsen  and  R.  A.  Makofskl.  Dr.  Olsen 

Is  a senior  engineer  on  the  staff  of  the  Aeronautics  Divi- 
, slon  Office  and  Mr.  Makofskl  Is  Group  Supervisor  of  the 

Transportation  Technology  Group  In  the  Aeronautics  Division. 
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COPPER  SULFIDE/CADMIUM  SULFIDE  SOLAR  CELLS 

Coppe/L  6uliZde./ cadmium  Aul^idc  {Cu2S/CdS]  iota/i  ceJtt6  oAe. 
potcntiaJUy  impofvtant  in  WiAutnixit  photo  voliaic  appticationA  due 
to  thcOi  exuc  oi  iabfiication  and  tow  coit.  PfiopeA  encap^utation 
and  cmpiAicat.  optimization  o^  pnocc64ing  methods  have  done  much  to 
impfiove  ceJtZ  stability  and  ti^ctime.  Efficiencies  of  these  cetts, 
howevex,  axe  stUUi  tow.  Jmpoxtant  paxametexs  necessaxy  fox  moxe 
comptetz  physical  and  theoxetical  undexstanding  and  hence  impxove- 
ment  in  efficiency  of  the  Cu2S/CdS  system  include  the  junction 
(fepth  (Cu^S  latexol  penetxation  into  the  CdS  cctumax  gxain6)  and 
the  depth  of  CufS  penetxation  down  the  CdS  gxain  boundaxies. 
Sputtex-ion  souxee  mass  spectxometex  (SIMS)  pxofiles  have  been  in- 
texpxeted  using  a two-component  sputtexing  model  to  yield  estimates 
of  these  two  pxopexties. 

In  the  current  work,  prior  results  on  three  typical  Cu2S/ 
CdS  solar  cell  samples  were  reanalyzed.  The  samples  Included: 

(a)  an  as-deposited  CdS  layer  (No.  1),  (b)  a Cu2S/CdS  specimen 
(No.  2)  removed  Immediately  following  the  topotaxlal  growth  of  the 
Cu2S  layer  (barrier  formation)  by  dipping  In  a solution  of  CU2CI2, 
and  (c)  a Cu2S/CdS  specimen  (No.  3)  subjected  to  a simulated  grld- 
dlng  and  encapsulation  (lamination)  process. 

The  SIMS  beam  (defocused  beam  of  10  keV  Ar"*"  Ions)  pro- 
duces a large  flat  crater  (2x3  mm) , and  the  constituent  Intensity 
\rersus  time  data  arise  from  a constant  surface  regresstlon.  Scan- 
ning electron  microscope  (SEM)  analysis  showed  that  the  original 
surface  topography  was  essentially  preserved  after  the  removal  of 
'*'9  m,  dispelling  fears  of  preferential  sputtering.  Since  a large- 
area,  homogeneous  beam  was  used,  the  resulting  profiles  represent 
the  average  of  approximately  10^  grains  (SEM  grain  size:  1 to  3 
pm).  Minor  variations  In  the  profiles  result  from  a finite  depth 
resolution  (*'5%) , shadowing  from  asperities,  and  Instrument  memory. 

Figure  1 Is  a linear  plot  of  the  surface  fraction  (Ref.  1) 
of  Cu  and  Cd  versus  depth  (below  the  film  surface)  for  sample  No.  2. 
Conversion  to  depth  (from  the  original  Intensity  time  plots)  has 
been  made  assuming  that  Cu2S  and  CdS  sputter  at  essentially  the 
same  rate  and  that  the  yield  factors  for  Cu  (and  S)  from  Cu2S  and 
for  Cd  (and  S)  from  CdS  are  Independent  of  depth,  a two-component 
sputtering  model.  This  model  requires  a consistent  sulfur  stoichi- 
ometry (with  depth)  for  validity.  Anomalies  In  the  sulfur  stoichi- 
ometry In  a depth  range  from  0.2  to  2 pm  (broad  "junction"  region) 
were  noted  previously  (Ref.  2).  These  variations  can  be  as  high  as 
15%,  suggesting  the  possibility  of  another  constituent  such  as  CdO 
or  the  Inclusion  of  debris  from  the  dipping  process  at  the  grain 
boundary-surface  Intersection  point.  The  Importance  of  these 
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factors  should  not  be  minimized,  but.  In  the  annular  ring  struc- 
ture concept  considered  here,  they  will  be  Included  as  one  of  the 
factors  attributing  to  the  transition  region  (B)  described  below. 

There  are  three  distinct  regions  on  each  curve  In  Fig.  1, 
an  Initial  linear  region  (A) , a transition  region  (B) , and  another 
linear  region  (C) . For  each  material,  region  A begins  at  a depth 
of  approximately  0.1  to  0.15  pm  and  extends  to  approximately  0.4 
pm.  Region  C begins  at  1.8  pm  and  continues  to  a depth  of  5.7  pm 
where  all  traces  of  Cu2S  disappear.  Between  regions  A and  C 
there  Is  a smooth  transition  region  (B) . Region  B contains  the 
equal  composition  point  for  CU2S  and  CdS  (l.e.,  the  point  at  which 
the  SIMS  beam  sees  50%  CdS  and  50%  Cu2S).  This  occurs  for  a Cu 
surface  fraction  equal  to  0.33  and  a Cd  surface  fraction  equal  to 
0.25. 


The  onset  of  region  A corresponds  to  the  showthrough  of 
the  CdS  and,  hence,  gives  a good  Indication  of  the  depth  of  the 
CU2S  layer,  l.e.,  0.1  to  0.15  pm,  at  least  at  the  top  of  the 
grains.  Region  C begins  approximately  at  1.8  pm  and  continues  to 
almost  6.0  pm.  This  onset  occurs  at  almost  twice  the  surface 
roughness  estimate  (0.5  to  1.0  pm  determined  from  SEM)  and  suggests 
that  the  SIMS  beam  on  the  average  sees  an  area  composed  of  CdS 
grains  with  CU2S  surface  "rings"  of  linearly  decreasing  area  (an- 
nular ring  model).  The  depth  of  lateral  penetration  of  the  Cu2S 
from  the  CdS  grain  boundary  would  then  have  a square  root  variation 
related  to  the  decrease  In  area  with  depth.  Ultimate  grain  bound- 
ary penetration  appears  to  be  limited  to  approximately  6.0  pm. 

Simulated  grlddlng  and  encapsulation  only  serve  to  delay 
the  onset  of  region  A to  approximately  0.26  pm  and  the  equal  area 
point  occurred  at  0.75  pm.  The  slope  of  region  C was  changed 
slightly  but  no  deeper  grain  boundary  penetration  was  observed. 

Future  studies  on  sulfur  stoichiometry  anomalies  and  the 
resultant  I (I/Y)  deviations  (Ref.  1)  combined  with  additional  SEM 
analysis  should  provide  a more  detailed  picture  of  the  Cu2S/CdS 
solar  cell  structure,  providing  a basis  of  understanding  for  Im- 
proving their  performance. 

Principal  Investigators:  H.  K.  Charles,  Jr.,  and  F.  G.  Satklewlcz. 
Dr.  Charles  Is  a senior  engineer  In  the  Microelectronics 
Group  of  the  Engineering  Facilities  Division.  Dr. 
Satklewlcz  is  a senior  chemist  In  the  Solid  State  Group 
of  the  Research  Center. 
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AUTOMOTIVE  POLLUTION  REDUCTION  BY  WATER  INJECTION 

The  objzctive  ttvU  pfvojzct  wkw  to  (Uttftmine.  amtyticaZty 
and  zxpznjbmeyitaJUiy  the  elitcoey  oi  the  addition  o^  uoaten.  to  the  iueJL- 
ain.  mixtufie  used  in  the  conventionaZ  automobite  engine  in  neducina 
the  amount  o<  nttnogen  oxides  in  the  exhaust.  It  am  concluded  that 
a reduction  oi  50t  ok  moKe  can  be  accomplished  utithout  detKiment  to 
engine  openation.  Incidental  benefits  o^  the  loateK  addition  include 
an  impKovement  In  e^^ective  octane  noting  o^  the  ^uel  and  pnovision 
oi  convenient  means  oi  using  a combination  oi  immiscible  iuels,  such 
as  alcohol  and  gasoline. 

The  addition  of  water  to  the  fuel-air  mixture  used  by  the 
standard  automobile  engine  has  been  Investigated  as  a means  of  re- 
ducing the  pollution  of  the  atmosphere  by  nitrogen  oxides  (NOx)  In 
the  engine's  exhaust. 

Simple  equipment,  suitable  either  for  retrofit  to  existing 
engines  or  for  Incorporation  as  original  equipment  In  new  produc- 
tion, was  used  to  Introduce  regulated  amounts  of  water  Into  the  test 
engine.  The  procedure  used  Introduces  the  water  Into  the  Intake  of 
the  engine  by  means  separate  from  the  conventional  fuel  carburetor 
(which  Is  retained) . The  procedure  permits  Instantaneous  variation 
In  the  water-fuel  ratio  to  meet  varying  operating  conditions  and 
avoids  the  necessity  to  mix  water  and  gasoline  In  their  liquid 
states. 

Both  analysis  and  test  Indicate  that  the  addition  of  water 
at  a mass  rate  equal  to  that  of  fuel  reduces  the  nitrogen  oxides  In 
the  exhaust  by  50%  or  more,  depending  on  specific  operating  condi- 
tions. 

The  unbumed  hydrocarbon  and  carbon  monoxide  content  of  the 
exhaust  displayed  no  clear  correlation  in  the  tests  performed  with 
the  presence  or  absence  of  the  water  addition.  Specific  fuel  con- 
sumption was  unaffected  in  the  test  engine  by  the  addition  of  water, 
although  power  output  was  reduced  slightly  under  some  conditions. 

The  antiknock  property  of  water  (evidenced  by  an  advance  In  Ignition 
timing)  would  permit  the  use  of  a lower  octane  fuel  and  of  a higher 
compression  ratio,  both  of  which  could  be  exploited  to  obtain  econ- 
omy of  operation.  The  antiknock  property  could  also  be  beneficial 
In  reducing  atmospheric  pollution  and  In  ensuring  the  longevity  of 
catalytic  afterburners  by  facilitating  the  gradual  removal  from  the 
market  of  fuel  containing  tetraethyl  lead. 

The  use  of  an  ethanol-gasoline  mixture  as  an  automotive 
fuel  has  been  advocated  frequently  as  a means  of  stabilizing  agri- 
cultural markets  and  of  reducing  the  consumption  of  petroleum. 
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Current  political  and  economic  trends  have  renewed  Interest  In  this 
proposal.  However,  since  minor  contamination  of  fuel  by  water  Is 
difficult  to  avoid,,  the  limited  mutual  solubility  of  gasoline  and 
slightly  aqueous  alcohol  produces  a phase  separation  of  the  mixture 
In  the  supply  tank,  thereby  resulting  In  erratic  or  complete  Inter- 
ruption of  engine  operation.  The  use  of  the  method  reported  herein 
to  Introduce  an  alcohol-water  solution  (rather  than  only  water) 
would  both  provide  a reduction  In  NO^  emission  and  also  permit  use 
of  the  two  fuels  In  any  ratio  desired  without  limitation  by  mutual 
solubility  and  water  contamination. 

This  work  Is  more  fully  documented  In  Internal  report  SDO- 
4305,  "Benefits  Provided  by  the  Injection  of  Water  Into  the  Auto- 
mobile Engine,"  December  1975.  The  results  have  been  presented  to 
ERDA. 

Principal  Inves tlgator ; T.  Wyatt.  Mr.  Wyatt  Is  a senior  engineer 

In  the  Space  Development  Department  Office. 
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VESSEL  TRAFFIC  SYSTEM 

OviA  the.  pcut  10  ytaJit,  the  LaboAotoKy  hoi  acqiuAed  eon- 
htdeKoble  expedience  tn  oAecu  advanced  veAieJt  tAai^c  monltoK- 
ing  and  con^t.  A new  concept  ioA  tou}-co6t  x/npAovenentA  hoA 
evolved  and  the  pAuent  JRSV  pAoject  l&  aimed  at  eAtablcAfUng  the 
ieoiibiJLity  o^  that  concept. 

The  Laboratory  had  previously  designed  and  constructed  a 
vessel  traffic  system  which  was  Installed  In  the  San  Francisco  Bay 
area  under  U.S.  Coast  Guard  sponsorship.  This  was  followed  by  a 
system  Installed  at  the  U.S.  Coast  Guard  R&D  Center  In  Groton, 
Connecticut.  The  Initial  system  utilized  relatively  expensive 
radar  and  computers.  It  Is  believed  that  use  of  new  developments 
In  microprocessor  technology  could  now  provide  an  Improved  auto- 
matic detection  and  tracking  system  with  low-cost  commercial  radars. 

A small  IR&D  program  was  Initiated  to  study  a radar  video 
detector  using  Inputs  from  a low-cost  radar  together  with  a micro- 
processor to  assist  In  preprocessing  of  data,  which  would  also  per- 
mit the  use  of  telephone  rather  than  microwave  links  In  handling 
data  from  remote  sites. 

The  Investigation  was  later  expanded  to  a study  leading  to 
development  of  a collision  avoidance  system  to  Interface  with  exist- 
ing surface  search  radars.  The  proposed  collision  avoidance  system 
would  Interface  with  a variety  of  existing  surface  search  radars, 
providing  an  inexpensive  yet  capable  system  that  could  be  used  by 
both  military  and  commercial  vessels  as  an  aid  to  maritime  naviga- 
tion. Such  a system  would  be  particularly  applicable  to  the  high- 
speed surface  effect  vessels  ("flying  shlpi") . 

Existing  surface  search  radars,  such  as  the  AN/SPS-10  and 
Type  B commercial  radars,  possess  an  untapped  capability  In  that 
the  video  output  from  the  radar  receiver  could  be  processed  and 
used  to  Implement  a semiautomatic  collision  avoidance  system.  A 
combined  analog  and  digital  front-end  would  preprocess  the  Incom- 
ing video  to  achieve  a data  rate  compatible  with  a state-of-the- 
art  microprocessor,  which  would  perform  additional  digital  signal 
processing.  Ultimately,  a track  file  of  all  surface  targets  would 
be  developed,  and  from  the  track  file  the  microprocessor  would  pro- 
duce a display  to  assist  the  helmsman  In  maneuvering  the  ship. 

This  could  be  a PPI  type  display  on  which  synthetic  tracks  would 
be  shown,  or  a tabular  display  on  which  tracks  would  be  ranked 
according  to  some  predetermined  criteria,  or  a combination  of 
the  two.  In  addition,  the  system  also  would  provide  alerts  that 
would  warn  of  possible  collisions  and  provide  Instructions  to  avert 
them.  The  microprocessor,  a key  element  In  this  system  to  process 
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the  video  output  from  the  radar  receiver,  was  procured  along  with 
some  Interface  equipment  as  a start  to  building  up  an  Inexpensive 
prototype. 

Principal  Investigator;  D.  B.  Staake.  Mr.  Staake  Is  Supervisor 
of  the  Operational  Systems  Development  Branch  In  the 
Fleet  Systems  Department. 
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AIR  TRAFFIC  SAFETY  AND  CONTROL 

Vufung  dii  pcut  U.X  t/eoAA,  the.  LaboAotofiy  hcu  been  apply- 
ing iXi  expeAtLie  derived  pfujmKiJby  iAom  Navy  pfiognam  to  the  ne- 
quiMmenti  the  fedenaJi  kviation  Admiifu.6tAMtA.on.  A&  a Ajeiult 
tkU  woAk,  teveAJoJi  new  aneas  have  been  tdenti^ed  as  being  woAthy 
exptoAotoAy  investigations . Several  JKSV-suppoAted  Investiga- 
tions AeCated  to  the  safety  and  capacity  of,  the  National  Aviation 
System  one  highlighted  in  the  following  pcvtagAaphs. 


AEROSAT-DOD  SATCOM  COMPATIBILITY 

The  objective  o^  this  project  was  to  examine  the  conse- 
quences to  the  U.S.  VepoAtment  o^  Ve^ense  oi  the  existence  oi  the 
AEROSAT  system.  AEROSAT  is  a prospective  international  satellite 
system  intended  to  provide  civil  aviation  over-water  air  trailic 
control  and  ground-air  communications.  It  was  concluded  that  it 
would  be  advantageous  to  design  the  AEROSAT  system  so  as  to  provide 
interoperability  with  Dot)  aircraft  and  to  preclude  interoperabiliXy 
or  interference  of  civil  aircraft  and  AEROSAT  with  the  VoV  satel- 
lite communications  systems. 

Oceanic  air  traffic  control  and  ground-air  communications 
are  presently  conducted  over  high-frequency  radio  circuits  that 
operate  with  poor  reliability  and  are  nearly  saturated  on  the 
heavily  traveled  routes.  No  system  of  airspace  surveillance 
exists.  Separation  and  control  are  based  on  pilots'  reports  of 
aircraft  positions  as  determined  from  onboard  navigation  equipment. 

Air  traffic  control  and  ground-air  communications  on 
ocean  routes  require  Improvement  to  permit  smaller  aircraft  separa- 
tions In  order  to  handle  future  Increases  In  traffic  volume,  par- 
ticularly along  North  Atlantic  routes.  The  United  States,  Canada, 
and  Western  European  nations  have  agreed  to  cooperate  In  producing 
this  Improvement  In  air  traffic  control  over  the  North  Atlantic. 

The  new  system,  which  Is  named  AEROSAT,  will  consist  of  two  syn- 
chronous equatorial  satellites  located  above  the  Atlantic  Ocean, 
with  ground  stations  on  the  North  American  Atlantic  coast.  In  the 
United  Kingdom,  and  on  the  European  Atlantic  coast,  and  aircraft 
equipment.  The  AEROSAT  system  will  provide  VHF  and  L-band  ground- 
air  communications  and  ground  station  determination  of  the  position 
of  aircraft  over  the  North  Atlantic  by  a radio-ranging  technique. 
The  positional  Information  will  be  used  for  air  traffic  control 
and  will  also  be  provided  to  aircraft  for  use  as  a navigational 
aid.  AEROSAT  service  Is  planned  to  begin  In  1980. 
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The  Department  of  Defense  has  severe!  present  and  pro- 
jected satellite  communication  systems  that  are  used  by  military 
aircraft,  ships,  and  land  stations  for  message,  voice,  and  data, 
typically  at  UHF  and  S-band.  The  DoD  has  no  plans  to  produce  a 
ground-station  operated  navigation  system  analogous  to  that  of 
AEROSAT.  It  is  U.S.  policy  Chat  military  aircraft  be  compatible 
with  the  existing  air  traffic  control  and  communications  systems. 

AEROSAT  will  be  designed,  built,  and  operated  by  an  in- 
ternational consortium.  The  detailed  technical  characteristics  of 
the  military  systems  are  classified  and  cannot  be  shared  with  the 
consortium,  even  though  the  member  nations  of  the  initial  North 
Atlantic  segment  are  NATO  allies.  The  expected  expansion  of  the 
AEROSAT  system  to  the  other  ocean  areas  will  require  a cooperative 
effort  involving  nations  not  allied  militarily  with  the  U.S. 

Design  of  the  AEROSAT  system  so  as  to  provide  interopera- 
bility of  DoD  aircraft  with  AEROSAT  and  to  preclude  interoperabil- 
ity or  Interference  of  civil  aircraft  and  AEROSAT  with  the  DoD 
satellite  communications  systems  would  provide  the  following  bene- 
fits : 

1.  Safety,  efficiency,  and  economy  of  North  Atlantic  air 
traffic  control  by  vesting  control  of  both  military 
and  civil  aircraft  in  a single  agency. 

2.  Responsiveness  of  North  Atlantic  air  treiffic  control 
system  in  a military  emergency. 

3.  Convenience  of  hand-off  of  North  Atlantic  air  traffic 
to  NATO  air  traffic  control  in  military  emergency. 

4.  Facility  of  use  by  the  Civil  Reserve  Air  Fleet. 

5.  Provision  of  means  for  air-sea  coordination  in  the 
North  Atlantic. 

6.  Reduction  in  risk  that  a civil  system  may  interfere 
with  existing  and  planned  military  systems. 

7.  Ease  of  extension  of  all  above  to  South  Atlantic, 
Pacific,  and  Indian  Oceans,  and  the  Mediterranean. 

The  Laboratory  is  qualified  to  provide  technical  assis- 
tance to  the  Federal  Aviation  Administration  and  to  the  Department 
of  Defense  in  the  coordination  of  the  AEROSAT  program  and  the  DoD 
communication  satellite  programs. 

Principal  Investigator;  T.  Wyatt.  Mr.  Wyatt  is  a senior  engineer 

in  the  Space  Development  Department  Office. 
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AIRSPACE  SAFETY  ENHANCEMENT 

Om  oi  the.  pAxjnoAy  oi  the  ¥edenal  Avtatlon  Admin- 

titAotion  (FAA)  -cA  to  meet  the  AequOiement  6a^e  aUi  tAaveZ.  Many 
pfiogAOM  MctfUn  the  FAA  and  eUeuheAe  have  contAlbuted  to  the  main- 
tenance of  a good  safety  AecoAd  foA  the  ouAnent  leveJU  of  avlatton 
activity,  HoioeveA,  pAOjection6  of  aviation  activity  indicate  that 
by  19S6  the  FAA  nmt  be  fmpoAed  to  meet  safety  AequiAcmenti  uUth  a 
tAaffic  volume  that  ii  tjcice  the  cuAAent  volume. 

The  present  safety  program  conducted  by  the  FAA,  the  Na- 
tional Transportation  Safety  Board  (NTSB) , and  the  National  Aero- 
nautics and  Space  Administration  (NASA)  covers  many  aspects  of 
general  aviation  and  scheduled  air  carrier  operations  within  the 
National  Aviation  System  (NAS).  The  FAA's  programs  range  from  the 
certification  of  pilots  and  aircraft  to  the  flammability  charac- 
teristics of  the  uniforms  worn  by  flight  attendants.  This  combined 
program  relies  to  a large  degree  on  the  occurrence  of  mishaps  (acci- 
dents/incidents) to  determine  where  unsafe  conditions  exist. 

In  order  to  Improve  the  performance  of  any  complex  system. 

It  Is  necessary  to  quantify  the  exhibited  performance  on  a recur- 
ring basis.  Isolate  existing  problem  areas,  and  Institute  corrective 
feedback.  The  Laboratory  has  concluded  that  this  approach  can  be 
advantageously  applied  to  the  Improvement  of  NAS  safety  through  the 
Implementation  of  a recurring,  comprehensive,  nonpunltlve  safety 
enhancement  program.  The  program  would  have  as  Its  hallmark  the 
determination  and  Implementation  of  required  corrective  actions  be- 
fore the  need  Is  demonstrated  by  a fatal  aircraft  accident.  The 
type  of  engine  speed  settings  that  may  have  contributed  to  the 
National  Airlines  DC- 10  accident  near  Albuquerque,  New  Mexico,  on 
3 November  1973  might  have  been  uncovered  by  this  type  of  Investiga- 
tion. It  Is  conceivable  that  this  and  other  similar  accidents  might 
have  been  prevented  by  procedural  changes  that  could  result  from  a 
safety  enhancement  program  as  described  here.  Initiation  of  such  a 
program  would  also  allow  the  FAA  to  demonstrate  continuing  respon- 
siveness to  recommendations  from  Department  of  Transportation  Task 
Forces,  the  NTSB,  and  the  General  Accounting  Office. 

The  Laboratory  has  compiled  the  following  concepts  for  con- 
sideration as  a nucleus  during  the  formulation  of  an  Airspace  Safety 
Enhancement  Program  (ASEP)  of  the  type  Indicated  here: 

1.  At  the  Initiation  of  the  program,  some  mechanism  must 
be  devised  to  assure  complete  anonymity  of  the  personnel 
Involved  In  the  NAS  operations  being  evaluated.  This 
would  permit  the  ASEP  to  be  nonpunltlve  (that  Is,  the 
ASEP  would  constitute  a nofault  evaluation). 
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2.  The  digital  flight  data  recorder  (DFDR)  and  the  cock- 
pit voice  recorder  (CVR)  should  be  the  main  sources 
of  data  Initially.  The  data  from  each  recorder  would 
be  systematically  evaluated  Independent  of  data  from 
the  other.  If  this  process  Indicates  that  a problem 
of  sufficient  Importance  exists,  a correlated  evalua- 
tion of  the  data  from  the  DFDR  and  CVR  for  the  same 
flight  would  be  performed. 

3.  Initially,  the  ASEP  would  concentrate  on  the  approach 
and  landing  phase  of  aircraft  operations  as  the  areas 
of  greatest  potential  payoff. 

4.  This  analysis  would  allow  a quantified  statistical  de- 
scription of  NAS  operations  to  be  generated. 

5.  In  the  future,  other  sources  of  NAS  data  such  as  Auto- 
mated Radar  Terminal  System  (ARTS  III)  and  NAS  Stage  A 
data  extracts  and  audio  recordings  could  be  utilized, 
and  the  evaluation  could  be  extended  to  other  phases 
of  NAS  operations.  Again,  complete  anonymity  should 
be  maintained. 

6.  The  complete  cooperation  of  personnel  In  all  areas  of 
NAS  operations  must  be  obtained  Initially  and  main- 
tained continuously. 

7.  A mechanism  must  be  devised  to  assure  high-level  FAA 
review  of  any  recommendations  that  result  from  this 
program  and  lnq>lementatlon  of  those  recommendations 
that  are  approved.  Timeliness  of  action  Is  Important. 

Principal  Investigator;  J.  P.  Berry.  Mr.  Berry  Is  the  Assistant 

Project  Manager  for  the  Surveillance  Systems  Project  Office, 

Fleet  Systems  Department. 


ELECTROSTATICS  INVESTIGATION 

The.  Labo/uitoMy  ha&  /jive^tLgated  the.  po66tble  application 
0^  eZtctAx)itatic  meMuAejnenti  to  the  detection  oH  aincAa.it  imke 
voJitice^.  The  poA^ible  application  oi  the  iame  techniques  to  the 
detection  oi  uiind  sheoH  um  also  baieily  studied.  li  successiul, 
these  techniques  could  enhance  auUi  saiety. 

Wake  vortices  (extremely  high  energy  rotating  "tubes"  of 
air  trailing  behind  an  aircraft)  are  produced  during  the  genera- 
tion of  lift  by  the  aircraft.  The  diameter  and  energy  of  the 
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vortices  are  functions  of  aircraft  size.  The  vortices  are  particu- 
larly violent  during  short  Intervals  at  takeoff  and  landing  of 
heavy  aircraft.  If  a small  aircraft  is  trailing  a heavy  aircraft 
too  closely,  the  small  aircraft  is  subject  to  major  perturbations 
in  its  flight  path  and,  in  certain  circumstances,  to  overturning. 

To  avoid  this  hazard,  the  Federal  Aviation  Administration  (FAA)  in- 
creases the  spacing  between  aircraft  with  a consequent  loss  of 
capacity  of  the  airport  rtmway. 

Electrical  charge  separation  processes  are  generally  asso- 
ciated with  the  exhausts  from  jet  aircraft  engines.  It  was  hypothe- 
sized that  electrically  charged  particles  in  engine  exhausts  may  be 
trapped  within  the  vortices,  giving  rise  to  concentrated  tubes  of 
electrical  charge.  Such  tubes  of  charged  particles  could  generate 
electric  fields  that  may  be  detected  at  some  distance  from  the  core 
of  the  tube.  By  extension,  it  was  believed  that  if  these  electric 
fields  could  be  detected  by  electrostatic  measurements,  then  a 
mechanism  would  exist  for  the  detection  of  the  wake  vortices  that 
could  be  applied  by  the  FAA  to  reduce  aircraft  separation  under  the 
proper  circumstances  and  thereby  Increase  airport  capacity  without 
compromising  safety. 

A rudimentary  electrostatic  measurement  detector  was  assem- 
bled and  Installed  in  the  public  parking  area  near  the  end  of  a 
runway  at  Washington  National  Airport.  For  a limited  number  of 
"targets  of  opportunity,"  some  signatures  were  obtained  that  Indi- 
cated the  passage  of  aircraft.  The  results  were  somewhat  promising 
but  far  from  conclusive.  In  order  to  establish  the  validity  of  the 
hypothesis,  it  would  be  necessary  to  Improve  the  Instrumentation 
and  to  collect  systematically  a large  body  of  data  for  a variety  of 
aircraft  types. 

An  extension  of  this  Idea  was  also  briefly  considered  In 
connection  with  the  detection  of  wind  shear.  The  term  wind  shear 
la  applied  to  rapid  variations  of  wind  speed  and  direction  over  very 
short  distances.  These  rapid  variations  In  wind  produce  rapid  varia- 
tions in  lift  that  can  have  catastrophic  effects  on  aircraft  during 
takeoff  and  landing  operations.  Severe  boundary  layer  shear  and 
turbulence  are  frequently  associated  with  thunderstorm  activity. 

It  was  hypothesized  that  space  charge  excesses  associated  with 
thunderstorm  activity  might  be  entrained  In  downward  convection 
within  the  storm  cell  and  that  these  downdrafts  containing  the 
space  charge  might  turn  and  flow  parallel  to  the  earth's  surface, 
giving  rise  both  to  horizontal  wind  shear  conditions  and  to  a space 
charge  excess  remote  from  the  storm  that  could  be  detected  by  an 
electrostatic  measurement. 

A Faraday  cage  containing  a radioactive  ionizer  detector 
was  Installed  on  the  top  of  one  of  the  Laboratory  buildings  to  test 
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this  Idea.  The  Instrument  was  found  to  be  sensitive  to  atmospheric 
phenomena  during  local  and  distant  thunderstorm  activity  as  evi- 
denced by  pulses  correlated  with  lightning  and  more  slowly  varying 
signals  probably  Indicative  of  large  changes  In  space  charge.  No 
strong  wind  gusts  occurred  during  the  period  of  the  experiment  and 
the  possible  existence  of  high  concentrations  of  space  charge  In 
horizontal  wind  shear  flows  was  not  confirmed.  Additional  Investi- 
gation with  an  Improved  detector  Is  warranted  to  test  the  hypothesis 
further;  such  Investigations  could  also  lead  to  new  Information  about 
the  fundamental  electrical  properties  of  thunderstorms. 

Principal  Investigator;  M.  L.  Hill.  Mr.  Hill  Is  the  Supervisor  of 
the  Aerophyslcs  and  Flight  Research  Group. 


AIRCRAFT  FIRE  EXTINGUISHMENT 

uUXkin  the.  Nationat  Avtation  Sy&t(un  -ti  of  pa/iamount 
conceAn  to  the  Hdefial  Aviation  Adminl6tAation  (FAA).  The  Labom- 
tony  ha&  investigated  methods  foA.  the  containment  and  extinguish- 
ment of  both  inflight  and  postcAosh  aiACAaft  fuselage  fiAes  as  one 
mechanism  foA  impAoving  the  safety  of  aU  tAonspoAtation. 

The  occurrence  of  Inflight  or  postcrash  fuselage  fire  may 
be  a major  cause  of  casualties,  particularly  In  large  commercial 
aircraft  that  carry  hundreds  of  passengers.  While  much  has  been 
done  to  reduce  the  Incidence  of  serious  Inflight  engine  and  fuel 
fires , It  appears  that  less  has  been  accomplished  to  minimize  the 
hazard  of  fuselage  fires. 

Much  of  the  current  FAA  effort  on  reducing  the  hazard  of 
fuselage  fires  Is  concentrated  in  the  area  of  fire-resistant  mate- 
rials. It  Is  frequently  true  that,  when  fire-resistant  materials 
bum,  they  generate  more  toxic  fumes  than  the  less  resistant  mate- 
rials. Moreover,  current  procedures  that  call  for  shutting  down 
the  ventilation  system  onboard  the  aircraft  tend  to  Increase  the 
level  of  fumes.  Descent  from  higher  altitudes  to  lower  altitudes 
tends  to  Increase  the  amount  of  oxygen  available  to  sustain  a fire. 
Since  smoke  and  toxic  fumes  are  key  Ingredients  In  the  lethality  of 
cabin  fires.  Improvements  In  the  present  methods  for  coping  with 
these  Inflight  fires  and  reducing  the  concentration  of  smoke  and 
toxic  fumes  would  help  the  FAA  Increase  the  level  of  safety. 

Studies  of  civilian  fire  casualties  by  the  Laboratory  in  coopera- 
tion with  the  State  of  Maryland  Medical  Examiner  and  the  JohnsO 
Hopkins  School  of  Hygiene  and  Public  Health  have  shown  that  the 
principal  cause  of  fire  casualties  Is  Inhalation  of  toxic  substances. 

Fires  that  almost  Inevitably  follow  aircraft  crashes  re- 
sult In  injury  or  death  to  aircraft  occupants  who  might  otherwise 
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have  come  through  unscathed.  After  a crash.  It  Is  only  a matter  of 
minutes  before  a fire  can  reach  an  Intensity  that  would  prevent  occu- 
pants from  escaping  the  aircraft.  Except  for  the  hand  fire  extin- 
guishers located  In  the  aircraft  cabin  and  the  fire  extinguishing 
system  located  In  the  engine  compartments,  aircraft  carry  no  fire 
extinguishing  equipment  with  which  to  combat  a serious  fire  of  the 
type  resulting  from  the  Impact  of  a crash. 

The  Laboratory  has  considered  a potential  approach  to  the 
control  of  fire  and  the  removal  of  toxic  fumes  for  hlgh-altltude 
(long-range)  flights  by  exploiting  the  difference  In  pressure  be- 
tween the  Interior  of  the  aircraft  and  the  outside  atmosphere.  If 
appropriate  modifications  were  made  to  the  existing  ventilation 
system  to  allow  exhausting  the  air  to  the  outside,  the  amount  of 
oxygen  In  the  aircraft  could  be  reduced  to  a level  that  Is  Insuf- 
ficient to  support  combustion,  and  the  amounts  of  harmful  fumes 
produced  by  the  fire  could  be  reduced  to  tolerable  levels.  Spe- 
cifically, oxygen  concentrations  of  10%  would  sustain  life  for 
short  periods,  but  would  not  support  the  combustion  of  most  mate- 
rials. Use  of  this  technique  must  take  Into  account  human  tolerance 
to  rapid  changes  and  extremes  In  temperature  and  pressure,  and  to 
smoke,  toxic  fumes,  and  lack  of  oxygen,  and  the  capabilities  of 
existing  emergency  breathing  equipment. 

It  has  also  been  concluded  that  the  following  efforts 
would  help  to  develop  an  effective  onboard  system  for  the  Immediate 
control  of  postcrash  fires  to  gain  time  for  the  aircraft  occupants 
to  escape: 

1.  Select  an  appropriate  extinguishing  agent  or  a com- 
bination of  agents  (from,  for  example,  carbon  dioxide, 
liquid  nitrogen,  Halon  1301,  and  mechanical  foams); 

2.  Develop  and  test  an  effective  means  for  deploying 
these  agents  In  the  event  of  an  Incident; 

3.  Evaluate  the  quantities  of  extinguishing  agents  that 
the  aircraft  must  carry  as  a function  of  the  addi- 
tional time  they  would  provide  for  the  escape  of  the 
occupants  and  for  getting  firefighting  equipment  to 
the  aircraft;  and 

4.  Evaluate  the  use  of  protective  covers  and/or  shields 
for  aircraft  occupants  to  use  during  the  evacuation  of 
the  aircraft. 

Principal  Investigator:  F.  K.  Hill.  Dr.  Hill  Is  Supervisor  of  the 

Fluid  Mechanics  Group. 
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SIGNAL  PROCESSING  INVESTIGATIONS  I 

Om  o£  tkt  pfiimcuty  cuiexu  oi  ^vutcgation  ^OA.  <mpAovzd 
(UK  tAjOii^c  contAot  hcU)  b^^n  the  pfLOce&itng  o£  both  bHjoadband 
ivtdeo)  Atgn(it&  and  digitized  in^oAmation.  These  investigations  '' 
have  uncoveAed  sevenai  oA/eas  which  appeoA  to  mcAit  exptoA^toAy 
development.  Investigations  in  one  such  oAea  oAe  highlighted 
hene. 

simple  Air  Traffic  Control  Automatic  Advisory  System 

Based  on  experience  derived  to  date,  a simple,  automatic 
Air  Traffic  Advisory  System  (ATAS)  appears  to  be  realizable.  Cur- 
rently, automated  aircraft  tracking  systems  such  as  the  Federal 
Aviation  Administration's  (FAA's)  Automated  Radar  Terminal  System 
(ARTS)  establish  new  or  trpdate  existing  tracks  by  correlating  the 
relative  positions  of  centrolded  raw  surveillance  system  signal 
returns  with  the  stored  track  data.  After  track  updating,  this 
relative  position  Information  Is  then  deleted  from  the  computer 
stores.  At  the  same  time,  this  very  same  Information  Is  provided 
to  aircraft  pilots  by  the  ground-based  traffic  controllers  In  the 
form  of  air  traffic  advisories.  If  the  above  operation  were  auto- 
mated, three  direct  and  Important  benefits  could  accrue: 

1.  The  air  traffic  controllers  work  load  would  be  re- 
duced (a  productivity  Increase) ; 

2.  The  use  of  the  ground-to-air  voice  communications 
channels  for  air  traffic  advisories  would  be  decreased 
(a  capacity  Increase) ; and 

3.  The  reliance  on  the  human  factor  to  enstire  airspace 
separation  of  aircraft  would  be  decreased  (a  safety 
Increase) . 

The  suggested  ATAS  would  ultimately  consist  of  a cockpit 
display  of  air  traffic  relative  to  each  aircraft.  The  display 
would  receive  Its  Input  over  a digital  ground-to-air  data  link 
driven  by  the  grotmd-based  airspace  surveillance  system.  Figure  1 
Is  a block  diagram  of  the  ground-based  portion  of  such  an  ATAS  as 
Interfaced  with  the  FAA's  ARTS  III  system.  The  corresponding  air- 
borne system  Is  depicted  In  Fig.  2. 

Since  the  key  to  the  success  of  such  a system  Is  the  de- 
velopment of  an  easy  to  use  (by  the  pilot)  low-cost  airborne  sub- 
system, work  to  date  has  concentrated  on  this  aspect.  The  display 
(see  Fig.  3)  consists  of  a matrix  of  light-emitting  diodes,  one  of 
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Fig.  2 Automated  Traffic  Advisory  ATA  Airborne  Equipment 
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Main  Display:  16  x 16  LED  matrix  with  polarized  red  filter  and  etched,  edge-lighted 
plastic  graticule.  Range  rings  = 1 nmi,  azimuth  lines  = 30°. 

Traffic  Altitude  Separation  Lamps:  White  = >1Kft,  red  = <1Kft,  amber  = unknown 
separation. 

No  TRFK  Lamp:  Green  = no  traffic. 

PR  I (priority):  Unit  normally  displays  altitude  separation  and  scan  history  of  priority 
one  (closest)  traffic.  Rotating  PR  I knob  will  light  LED  digit  2,  3,  or  4;  depressing 
knob  will  provide  altitude  separation  and  scan  history  display  for  that  priority. 

ATA  Channel:  Selects  appropriate  ATA(RF)  channel. 

ON/DIM:  Turns  unit  on  or  off  and  controls  illumination  brightness. 


Fig.  3 ATA  Display  (size  X2) 
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which  will  Illuminate  for  each  report.  The  display  and  the  appro- 
priate link  receiver  and  decoder  can  be  packaged  together  along 
with  an  omnidirectional  antenna  and  associated  conducting  cable. 

A breadboard  display  has  been  designed  and  constructed 
along  with  the  generation  of  synthetic  ground-to-air  message  for- 
mats. Future  effort  will  complete  the  remainder  of  the  airborne 
subsystem  breadboard  and  demonstrate  Its  performance  using  actual 
FAA  radar  data  collected  on  magnetic  tape. 

Principal  Investigators;  B.  K.  Carter  and  A.  M.  Santos.  Mr. 

Santos  Is  Assistant  Section  Supervisor  and  Mr.  Carter  Is 
a senior  engineer  In  the  Special  Projects  Group,  Opera- 
tional Systems  Development  Branch,  Fleet  Systems  Depart- 
ment. 


SIGNAL  PROCESSING  INVESTIGATIONS  II 

CuAAerU  fuldax  mov^g  toAget  indiccutoA  (MTI)  and  vldto 
quantizina  d&vlcti  cue  both  anatog  lacou6tcc}  and  dUg^al  deZay 

The  anatog  deZay  tinu  /vejqouUuL  ^Aequent  and  compltcate-d  ad- 
juitmzntA  0^  voAtoui  6uppoAting  equipment  to  oi^uAe  pAopeA  delay 
compensation.  In  addition,  analog  implementations  AequiAe  the  sys- 
tem clock  Aote  to  be  jj^xed,  and  the  InheAent  Aelatively  noAAow 
bandaidth  causes  distoAtion  in  the  statistical  pAopeAties  oi  the 
sojnplxs,  In  the  video  quantizeA  application.  Vigltal  delay  lines 
one  not  subject  to  the  above  Limitations,  but  they  do  intAoduce 
new  pAablems  associated  with  the  quantization  0(J  gAanuloAity  oi 
the  digital  samples.  In  video  quantizeAS,  this  gAanuloAity  some- 
time Auults  in  tie  in  the  thnetwld  device;  in  MTJ  appli- 
cations, gAanuloAity  Aeduce  the  impAovement  ^actoA  ({/tom  that  pAe- 
dicted  by  theoAy. 

Recently  developed  charge-coupled  devices  (CCD's)  offer  a 
potential  solution  to  these  shortcomings  of  analog  and  digital  de- 
lay lines.  CCD's  provide  analog  sampling  with  digital  shifting 
capability.  The  adjustments  required  appear  to  be  minimal,  shift 
rates  are  variable,  and  speeds  are  comparable  to  those  required  for 
video  processing  techniques  used  In  radar  signal  processing  applica- 
tions. An  evaluation  of  a commercial  grade  tapped  analog  delay  line 
(CCD)  was  conducted  to  determine  on  an  empirical  basis  the  actual 
performance  capabilities  of  such  a device  In  a rank  order  video 
quantizer.  Based  on  a survey  of  available  and  most  promising  CCD's, 
a pair  of  Retlcon  Corporation  tapped  analog  delay  lines  (TAD-112) 
was  purchased  for  this  Investigation.  This  device,  which  Is  func- 
tionally a discrete-time  tapped  analog  delay  line  with  12  output 
taps,  was  tested  using  the  configuration  shown  In  Fig.  1 to  deter- 
mine the  following  characteristics: 
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1.  Output  noise  versus  tap  position, 

2.  Transfer  function, 

3 . Dynamic  range , 

4.  Slgnal-to-nolse  ratio  (S/N), 

5.  Output  voltage  alternation  versus  tap  position, 

6.  Pulse  rise  time  versus  tap  position,  and 

7.  Delay  accuracy  versus  tap  position. 

Analysis  of  the  collected  data  resulted  In  two  primary 
conclusions: 

1.  The  measured  slgnal-to-nolse  ratio  was  poor.  The 
maximum  value  attained  was  only  18.6  dB.  For  a linear 
radar  receiver  having  a typical  dynamic  range  of  30  to 
40  dB,  the  TAD-12  would  severely  limit  target  detec- 
tion performance.  In  addition,  the  false  alarm  rate 
would  be  a function  of  clock  noise  rather  than  radar 
receiver  noise  for  any  radar  receiver  possessing  a 
typical  dynamic  range.  Since  clock  noise  Is  highly 
correlated,  azimuth  correlation  techniques  (second 
threshold)  would  not  be  as  effective  In  reducing  the 
false  alarm  rate. 

2.  The  coupling  of  the  Input  signal  to  the  output  taps 
Is  a major  problem  with  this  particular  device.  Even 
If  the  TAD-12  had  an  acceptable  S/N,  this  problem  alone 
would  prevent  use  of  the  device  In  a rank  quantizer, 
since  the  unwanted  signal  would  appear  as  a false  tar- 
get or  clutter  that  could  mask  real  targets.  This 
would  result  In  unpredictable  and  Incomplete  target 
detection  performance. 

It  Is  concluded  that  the  TAD-12  should  not  be  considered 
for  use  In  the  design  of  a rank  quantizer.  Inspection  of  the  theory 
and  advancement  of  the  state  of  the  art  Indicate,  however,  that  these 
devices  should  not  be  discounted  for  future  applications  without  per- 
forming further  Investigation. 

Principal  Investigator:  R.  J.  Erdahl.  Mr.  Erdahl  Is  a senior  engi- 
neer, Special  Projects  Group,  Operational  Systems  Develop- 
ment Branch,  Fleet  Systems  Department. 
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